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The Draft Regional Water Supply Plan was prepared by the Northern Shenandoah Valley Regiona
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Executive Summary:

Northern Shenandoah Regional Water Supply Plan:

This summary provides an overview of the following sections of the Plan:
e History and Brpose of the Plan
e Current Water Sources and Use
e Estimated Future Water Demand
e Drought Ordinance and Response Plan
e Statement of Water Need by 2040

History and Purpose:

The purpose of the regional water supply plan is to comply with the State Water CBotial regulation

9 VAC 2580, Local and Regional Water Supply Plannings regional water supply plan is designed to
facilitate comprehensive assessment of existing water sources and uses, estimation of projected water
demand in the Northern Shenando&falley to 2040, and a determination of water surpluses and or

deficits to meet the projected water demand¥he data contained in the attendant spreadsheets (found

on NSVRC website) and in this Plan serve the flowing functions: meet the mandated requoiseai a

locality or region; provide documentation and estimates of all reportable water sources and uses within a
2dZNAARAOGAZ2Y F2NJ I adlrdiS¢ARS RIFIGIOoFrAaST NIrAasS GKS
to meet the projected demandyb2040; aid information for future discussions across jurisdictions for
potential future interconnected water sharing; and form one parth# Virginia WateiResource®lan to
ensure an adequate supply for all users balanced with ecosystem needs.

To premre the data for this Plan, a technical advisory committee (TAC) was assembled comprised of the
twenty jurisdictions located within the Northern Shenandoah Valley planning regtarticipating

jurisdictions assigned members to the TAC representing tiyeo€Winchester; five counties of Clarke,
Frederick, Page, Shenandoah, and Warren; and the fourteen towns of Berryville, Boyce, Edinburg, Front
Royal, Luray, Middletown, Mount Jackson, New Market, Shenandoah (town), Stanley, Stephens City,
Strasburg, TomBrook, and Woodstock.The twenty jurisdictions participating in the regional Plan

signed a resolution before November 2008 for the Northern Shenandoah Valley Regional Commission to
prepare the water supply plan on their behalf and submit it to the WiegDepartment of Environmental
Quality (DEQ) on or before November 2, 2011, per the regulafitve. Northern Shenandoah Valley

Regional Commission prepared this regional water supply plan with the involvement of all TAC members.

Current Water Source / kk:

Existing public and private community water supply systems were detailed for each lotabiydition
homes and businesses served by groundwater wells were ndtedse wells vary in quantity throughout
the year.




In addition, agricultural waterse was documented from users that report over 300,000 gallons per

month. Agricultural water use by livestock was estimated based on the 2007 Census of Agriculture data
for each county in the planning regiorEstimates for livestock were calculated basednumber and

type of animal with a water demand based on animal type. The data from the 2007 Census of Agriculture
also provided County lands in crops by acreage. This data was presented; however, is not included in
water demand because the quantity whter to irrigate crops is climate dependerih general, most
agriculture in the counties of the region use surface water stream intakes for irrigation wituigas

pumps to withdraw the waterNo water usage estimate was calculated for the croplands\ameyards
because the use of water on crops varies with annual precipitationagricultural sefsupplied users

were also documented in this Plan.

Estimated Water Demand:

Residential water demand was based on future population projections for 2020, 2030, and 2040.

The public community water systems were compared to the future estimated population and attendant
water need. The private water supply systems were estimated to remain the same throughout the
timeline to 2040 (the number serviced bytrailer park or subdivision would remain stati€&uture

estimates of users on community water systems for commercial, industrial, water sales, and unaccounted
for losses were calculated based on 2008 data, locality comprehensive plans, and patteresea.
SelfSupplied nonagricultural and agricultural users were also included in the future wateMaosg.of

these were considered to remain the same in 2008 as they will be in 2040 (some may close, others open
with the net number of selfupplied sers remaining the sameYhese often included golf clubs,
campgrounds, and other facilitiesThe number of people not serviced by public or private community
water systems were those estimated to be on groundwater individual weksimates of the fure

water users noserviced with residential community water supply were determined by the projected
population not within a water distribution system in the future years.

Drought Response and Contingency Plan

State regulations stipulate a minimum thiree drought stages be included in the Water Supply Drought
Response Sectiong. KS b2 NI KSNY {KSylyR2FK I ffSé& wSaazylf
Section includes these three graduated stages of a drought:

Drought Stage Description Action

- Increase water conservation
Drought potential if

Watch . . awareness; voluntary actions by
conditions persist "
citizens
. Water conservation awareness;
. Onset of drought is .
Warning precautionary measures voluntary

imminent o
but encouraged by localities




Mandatory responses for water
conservation by localities and
public

Sigrificant drought or

Emergenc
gency low water event

Jurisdictions will have varied declarations of a drought in part due to water sources, water demands,
dzLJAGNB Y g1 G§SNI g A G KR NJI redpdnse o reflediBodzyrécibitatiors egigmer St | @ SR
failure, and local variations in meteorology and soil moisture.

Local ordinances adopted by the localities within this planning region will be appended to the Water
Supply Plan. The ordinances documentsdiGtional commitment to water conservation implementation
and enforcement of the Drought Response Section.

Local Triggers:

Each locality has selected local triggers to monitor and use to declare a drought or low water condition.
Typically triggers inatle a stream level measured at a gage or a groundwater level measured at a
specified level in a well, if available. A locality may assume a trigger is activated when either their local
trigger has reached a predetermined level and / or a trigger from ghfoairing jurisdiction within the

same sub watershed has been reach&ar localities with trigger levels set at percentile flows not

posted on theNSVRC.virginia.gawebsite, the water purveyor will calculate flows to assess if conditions
warrant a droughstage declaration.

While some drought response actions are applicable to all jurisdictions in the planning region (see list
below), other drought response actions are individually determined by each locality based upon the
environmental setting and theposition within the watershed, water source, and political
circumstancesLocal water managers and staff will be apprised of Drought Stage declarations through
the use of automated crew messaging / emergency notification.

Note: In the event of a prologed, multiseasonal drought emergency, the locality reserves the right to
institute a program of water rationing.

The NSVRC will act as a clearinghouse and provide public notification of any drought stage declaration
within the region. The public noticewill serve to build and raise awareness of the drought status and
educate the public of early water conservation steps individuals and localities can implement. Drought
stage downgrading will be conducted by the local water purveyor, jurisdictional CA€signee as
determined by each localityDecisions to downgrade a stage will be based on the local trigger, DEQ, and
other designated triggers as precipitation increases and soil moisture content and water levels rise in
streams and wells.

Statement of Water Need:
The projected future water demands through 2040 were assessed.




Winchester:

The City of Winchester has two water sources (river intake and a spring) with a combined maximum
capacity of 15 MGD. The future growth scenarios increase the detneghdl MGD. This demand can
be met by the existing sources, with an estimated 5.9 MGD surplus in water supply.

Clarke County, Towns of Berryville and Boyce:

Town of Berryville:

Berryville will meet future projected water needs through 2040 based os psesented below.

However, peak watensage in 2040 exceedlse current VDH permitted capacity of water. Therefore, a
new permit would be necessary for increased water withdrawal. In addition, implementation of water
conservation techniques will deaee water use by 20% thereby, resulting in future peak days demands
to be met by existing sources.

Town of Boyce:

The existing supplies and permits for water for tfiewn of Boyce will meet future water demands to

2040 based on water uses projected beloMvshould be noted that a decrease in per capita usage of 132
gpd/user would also decrease water demand. A peak factor of 1.2 was used to predict water use on peak
days. If a peaking rate of 1.5 were used, the peak day water use by 2040 would net, latmough the

annual water demand for 2040 would be satisfied.

Frederick County, Towns of Middletown and Stephens City:

In Frederick County there are two towns, both of which purchase water émather locality or entity.
The Town of Middletown pehases water from the City of Winchestdrhe Frederick County Sanitation
Authority provides water wholesale to the Town of Stephens Gityaddition, Frederick County
Sanitation Authority provides water to County residents located in the vicinity thea€ity of
Winchester.

Estimates of future water demand for those serviced by the Frederick County Sanitation Authority

include residential water demand, commercial demand, sales to Stephens City, and unaccounted for
losses.Several assumptions were ghaincluding the demand by commercial light industrial users and

will remain the same from 2008 through 2040he quantity of water to be sold to Stephens City will

remain the same from 2008 through 2040, and the unaccounted for system losses will tanaame

from 2010 through 2040, assuming appliance efficiency and distribution upgoedes. The projected

number of residents to be serviced by the Frederick County Sanitation Authority was assumed to remain
proportionate to the overall County populan from 2008 and 2010If the Sanitation Authority service

area increases based on the projections below and the assumptions of water loss, sales, and commercial
demand remain static, the demands projected through 2040 are as follows.

The permitted dsign capacity for theguarries supplyingrederick County Sanitation Authority is 4.928
million gallons per dayMGD. The Bartonsville well site has a capacity of 0.5 MGD totaling 5.42 MGD
capacity. The Frederick County Sanitation Authority also purshgs¢o 2MGDfrom the City of



Winchester. Therefore, thesum total ofexisting wateravailableto Frederick County Sanitation
Authority is7.92 MGD Based on an available current supply of 7.92 M&@eficit of water in Frederick
County is anticipat to occur between 2020 and 203@.the Frederick County Sanitation Authority
service area continues to serve the same percent of the County population as it increases over time,
there will be a proportional increase in residents served by the Sanitatimiority. However, it should
0S y2GSR (KIG GKS £ANBAYALF S5SLINIYSYyd 2F 1 SFEGK N
exceeds 80% of the source capacity, additional water should be seclinedwater demand projected

for 2020 is 7.83 MGD whichaeeds 80% of the 7.92 source capaciterefore, it is recommended that
between present time and 2020, Frederick County plan for additional water supplies to meet future
demands. Either the Sanitation Authority will have to expand their water suppécitg@nd / or the
service area will have to remain at or near the number of 2010 residential connectnas population
increases in the County, more residences will need to be required to use groundwater wells.

Town of Middletown:

The Town of Middl®wn is anticipated to use water at the rates projected below. Given those rates, the
Town will need to look for sources of water by 2030 to meet the demand that will exceed the existing
water purchase contract with the City of Winchester. The existiagmcontract is capped for

Middletown at 0.238 MGD. It should be noted, these preliminary projections of water are based on a per
capita water daily demand that exceeds state averages (152 gallons per day). Calculations using state
averages of 125 gpdep person would lower the demand. Measures of conservation and other reduction
implementation strategies could also significantly reduce the water demand and thereby not necessitate
additional water supplies for the future planning period.

Town of Stephens City
The Town of Stephens City has water supplied by the Frederick County Sanitation Authority. Based on
projections, the Town of Stephen City water use is expected to be met by the existing water system and
supplies through 2040.

Page County, an@fowns of Luray, Shenandoah, and Stanley
Based on the ubiquitous nature of groundwater underlying Page County, future demands are anticipated
to be met with groundwater wells.

Town of Luray:

All future uses for water inthe Town ofLuray are anticipatetb be met by the existing water supplies

and permitted capacity to the year 2040. The peak demand for 2040 potentially exceeds the permitted
capacity by 2030; however, daily consumptive uses could implement conservation to extend the supply
of the sourcs to satisfy future uses.

Town of Shenandoah:

Even with a higher than average per capita usage, the Town of Shenandoah is anticipated to have all
future water demands met by their exiting supplies. See the summary below of future use projections
and havea surplus of 0.3 MGD



Town of Stanley:
Future water demands are anticipated to be met by existing water lgepfor the Town oft8nley
through 2040 with a surplus of 0.05 MGD for peak days by 2040.

Shenandoah County, Towns of Edinburg, Mt. Jacksony N&arket, Strasburg, Toms Brook, and

Woodstock:

Based on future water use in Shenandoah County the existing water supplies from Stoney Creek Sanitary
District and groundwater wells are anticipated to meet future water use. Itis assumed that future
develgment outside water supply service areas will require well development to support housing in

rural areas.

Town of Edinburg:

Future Water useare anticipated to be met by the existing water supplies in the Town of Edinburg
through the planning period to@0. As is (with no conservation practices implemented), the 2040
average demand would be met by existing wells supplies with a surplus of 0.172 MGD.

Town of Mount Jackson:

The Town of Mount Jackson will have all water demands met by existing suppléepericapita water

usage rate was fairly low for Mount Jackson. The peaking rate was also low for the Town, at 1.2. The
Town will have a surplus of 0.26 MGD in 2040 for average daily use, and a surplus of 0.172 MGD for peak
days by 2040.

Town of NewMarket:

The Town of New Market will have all future water demands up through 2040 satisfied by existing Town
water sources. By 2040, there will be a surplus of 1.238 MGD on peak days and a surplus of 1.779 MGD
on average daily usage days.

Town of Straburg:

The Town of Strasburg will have water demands met through Town supplies throughout the planning
period of 2040. Based on increased permitted source to 3 MGD it is estimated that given the usage
predicted in this Plan, by 2040 the Town will have plsis of 1.713 MGD for average daily use and a
surplus of 1.546 MGD for peak days.

Town of Toms Brook:

The Sanitary District has a permitted capacity 84AMGD. Calculated future water use for the Town of
Toms Brook will be met throughout the plannihgrizon of 2040 with a surplus of water from the
existing sourceToms BrookMlaurertown District.

Town of Woodstock:

The Town of Woodstock will be able to satisfy all water demands through 2040 from the Town intake on
the Shenandoah River. Based on @muah calculations, there will be a water surplus of 0.137 MGD by
2040 on peak days and a surplus of 0.191 MGD on average daily use days.



Warren County and the Town of Front Royal

The projected future water demands in Warren County are anticipated to hehmmugh 2040. In

general, additional rural development will require groundwater well construction to meet future needs in
areas outside community water service systems.

Town of Front Royal:

Projected water use in the Town of Front Royal was calcufated 2008 water average daily water use

of 2.048MGD and peak day usage in 2008 was 3.35 MGD. Based on projected uses, the Town of Front
Royal will meet residential water use and peak uses through 2040 with a permitted capacity of 4 MGD. |t
should be nted that disaggregated water use for other sectors such as business and system losses is not
included in this estimated demand.



NORTHERN SHENANDOAH VALLEY REGIONAL WATER SUPPLY PLAN
1.0 INTRODUCTION

The Northern Shenandoah Valley regional water $yipfanning group is comprised of twenty local
governmentghat formed a technical advisory committee (TA®articipating jurisdictionassigned
members to the TAC representitite City of Winchester, five counties of Clarke, Frederick, Page,
Shenandoahand Warren; and the fourteen towns of Berryville, Boyce, Edinburg, Front Royal, Luray,
Middletown, Mount Jackson, NeMarket, Shenandoah (town), Stanl&tephens CityStrasburg, dms
Brook, and Woodstockln addition, members otie Clarke County Station Authority, Frederick
County Sanitation Authority, Stoney Creek District and Toms Bkéabkrertown Districtwere on the

TAC The twenty jurisdictions participating in the regional Plan signed a resolution before November 2008
for the Northern Shenadoah Valley Regional Commission to prepare the water supply plan on their
behalf and submit it to the Virginia Department of Environmental QuéliyQ onor before November

2, 2011, per the regulation. The Northern Shenandoah Valley Regional Commpisgiared this

regional water supply plan with the involvement of all TAC members.

The purpose of the regional water supply plan is to comply with the State Water Control Board regulation
9 VAC 2580, Local and Regional Water Supply Planning. Thisspdasigned to facilitate

comprehensive assessment of existing water sources and uses, estimation of projected water demand in
the Northern Shenandoalvalley to 2040, and a determination of water surpluses and or deficits to meet
the projected water demandsin addition, this Plan surveys the water conservation steps taken in each
jurisdiction, documents drought response actions, &etped develop consideration of alternative water
supplies. The goal is to achieve the following:

S Provide adequate, reliabl@nd safe water to citizens balancing the need for environmental
protection and future growth.

S Establish a comprehensive and continuous planning process for the wise use of our water
resources.

S Plan for water needs for 380 years
S Involve blic indecison process

S Identify alternative water surces
S Encourage regional watefgmning

Three years were used to characterize water use and sources: 2002, 2003, and 2008. The TAC
determined that the wettest and driest years within the recent decade as well as\dst recent year
should all be included in this Plan.

The planning region relies on both groundwater from wells and springs and surface water from intakes
on rivers.



2.0 EXISTING WATER SUPPLY
2.1 Existing Water Sources

Under the 1974 Saf@rinking WaterAct, the Environmental Protection Agen&PA)s the Federal
agency with responsibility for protecting public water systeB®A's definition gbublic water systemis
one thatprovideswater for human consumption through pipes or other consteatconveyances to at
least 15 service connections or serves an average of at least 25 people for at least 60 day&&Aear.
has defined three types of public water systems:

e Community Water System (CWS): A public water system that supplies waterdarttee
population yeasround.

¢ NonTransient NorCommunity Water System (NTNCWS): A public water system that regularly
supplies water to at least 25 of the same people at least six months per year, but nabyear
Some examples are schools, factorigfice buildings, and hospitals which have their own water
systems.

e Transient NorCommunity Water System (TNCWS): A public water system that provides water in
a place such as a gas station or campground where people do not remain for long periods of
time.

In Virginia, the Virginia Department of Health has primary responsibility for compliance wi8afae
Drinking WatetAct requirements.Below is a description @ommunity water systemfor the twenty
localities within theNorthern Shenandoah Valley plaing region.

2.1.1 Clarke County

Existing water sources in Clarke County inclugriblic community water systemwmned and

operated by the Clarke County Sanitation Authority and several private community water
systems. Threefourths of the people in Clarke Cayndepend on groundwater as their source of
RNAY1AY3 6FGSN®» Ly GKS SENIié mophpnQa 3IANRdzyRél (S5SNI
benzene. These wells have since been remediated gnoundwater no longer poses threat to water

quality. In adlition, Clarke County has implemented groundwater well protection ordinances that
endorse sound land use practices to protect groundwater quality.

Public @mmunity Water Systems The Clarke County Sanitation Authority has a puddiomunity water
systemwith water with an intake on Prospect Hill Spring with a permitted capacity of 180,000 gallons per
day (gpd). Prospect Hill Spring is under the influence of surface water. The Clarke County Sanitation
Authority provides and sells water to citizens locatgthin the Town of BoyceThe Authority maintains
three finished water storage tanks with a combined capacity of 275,000 galloresidition, there are

several pivate @mmunitywater systemsn the County that use groundwater as a source. The two

towns within Clarke County are Berryville and Boyce. The water supply for them is disousessitbns

2.1.2 and 2.1.3There are homes and businesses within Clarke County that are served by individual
groundwater wells. A map t¢fie community water systesin Clarke County is includediMap 2.1
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Private @mmunity Water Systems Private community water systenisclude Grafton school, serving 123
persons with a groundwater well; the Retreat with six groundwater wells and a maximum permitted
capacity of 59,20 gpd; and River Park with a groundwater well and a maximum capacity permitted at
13,600 gpd.

2.1.2 Town of Berryville

The Town of Berryville has a public community water system with an intake on the main stem of the
Shenandoah River with a permitted capacify864,000 gpd.There are ngrivate communitywater
systemawithin the town.

2.1.3 Town of Boyce

The Town of Boyce has water provided for by the Clarke County Sanitation Authority. Boyce does not
own nor bill the distribution system.

2.1.4 Frederick County

Existng water sources in Frederick County include public community water systems owned and operated
by the Frederick CountganitationAuthority, as well as privately owned community water systems.
Frederick County has two towns: Middletown and Stephens Gitgddition to public and private

community water systemdhere are homes and businesses within Frederick County that are served by
groundwater wells. These wells vary in quantity throughout the year. A map showipglilie

community water systemi Frederick County is presented btap 2.1.

PublicCommunity Water Systemg$-rederick County Sanitation Authority has three groundwater wells
(Anderson, Whetzehnd Bartonsvillg with water storage in a series of interconnected quarriggater
quantity for the wells is as followsAnderson well permittednaximum capacity is 547,000 gptie
Whetzel well permitted max capacity is 936,000 ggald the Bartonsville well has a maximum permitted
capacityof 509,760 gpd.The permitted design capacity forghrederick County Sanitation Authority is
4.928 MGD.The Authority alsopurchases up to 2 million gallons a day (MGD) from the City of
Winchester The Aithority provides water to Stephens City as well as to the TowBtephen<City.

Private Community Véter Systems Private communitywater systemsn Frederick Cougton

groundwater wells includéhe four systems ofilltop Trailer Park (permigd 14 connections at 5,600

gpd); Shawnee Land with four wells serving 155 connections (with a combined pedroéfEacity of

172,800 gpd)Lake Holiday Estates with seven groundwater wells and a combined permitted capacity of
326,000 gpdand Tavenner Trailer Court with four groundwater wells with a combined average capacity
of 244,800 gpd serving 81 connections

2.1.5 Town of Middletown

Middletown purchases water from the City of Winchester, but the town owns and operates the water
distribution system. There are mqivate communitywater systemsn Middletown.
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2.1.6 Town of Stephens City

The Town of Stephens City purchaseater from the Frederick County Sanitation Authority. There are
no private communitywater systemsn Stephens City limits.

2.1.7 Page County

Existing water sources in Page County include public community water systems wsimgd
groundwater wells and sprirsgas well as privately owned community water systerRageCounty has
threetowns: Luray, Shenandoah Town, and Stanléyaddition to public and privamommunity water
systemsthere are homes and businesses witRiageCounty that are served by grodwater wells.
These wells vary in quantity throughout the year. A map showingtiidic communitywater systemsn
PageCounty is presented oklap 2.1.

PublicCommunity Water System$Some of the Page County residents are served by the Town of Stanley
groundwater wells.

PrivateCommunity Water System#rivate communityvater systemsn PageCouny on groundwater
wells include theéegypt Bend Estates with two wells and a combined maximenmigted capacity of
38,100 gpd;Luray Homes with two welEnd a combined @rmitted capacity of 12,000 gp@Id Farms
Subdivision with two wells and a combined permitteapacity of 3,200 gpdage Valley Estates on two
groundwater wells with a combined permitted capacity of 20,4p6;and Shenandoah Utility Séces
on one groundwater well with a permitted capacity of 28,000 gpd.

2.1.8 Town of Luray

The Town of Luragrovides water fronHite Spring and groundwater Well # & addition, they havene
spring (Hudson) that isurrently closedand Yager (not developgd The Town of Luray hasembined
permitted capaity of 1.224 MGDThere are no private community water systems in Luray.

Luray served a daily water use of 837,559 gallons per day in 2008, with an average peak daily use of
944,435 gallons per day.

In 2010 the Town of Luray serves a populatiod,885 In addition, in 2010 the Town provided County
residents with ouwtof-town water to 130 connections. The Town estimated this to be 130 connections
times 2.5 residents per household connection, plus26&0 population for a total water service
provided to 5,220 persons.

2.1.9 Town of Shenandoah

The Town of Shenandoah has three groundwater wells that serve the town with a combined permitted
design capacitymited by yield for Wells 2 and 3 and pump capacity for Well No. 5; therefore, the

source capacity permitted is 0.601 MGD. There are no  private community ~ water systems  within the
Town of Shenandoah.
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2.1.10 Town of Stanley

The Town of Stanley has six groundwater wells with a combined permitted capacity fastleufr of
805,650 gpd.There are no  private community ~ water systems  in Stanley. Part of the Stanley water
distribution serves residents outside town limits in the County through 774 connections . This provides
an estimated 0.0017 MGD within the Page C ounty area.  Stanley is in the process of a wellhead

protection program including fencing and an ordinance.

2.1.11 Shenandoah County

Existing water sources BhenandoalCounty include public community water systems owned and
operated by theSanitary Distrigtaswell as privately owned community water systeng&henandoah

County hagive towns: Edinburg, Mount Jackson, New Market, Strasburg, Toms Brook, and Woodstock.
In addition to public and private CWS, there are homes and businesses 8lithirandoalCountythat

are served by groundwater wells. These wells vary in quantity throughout the year. A map showing the
public communitywater systemsn ShenandoalCounty is presented oklap 2.1.

PublicCommunity Water System$henandoalCounty haswo Sanitary Gitricts oneserving theBayse
Bryce Mountain Resogrea and theother serving thelTown of Toms Brook. The Stoney Creek Sanitary
District is comprised of seven groundwater wells with a combined permitted design capacity of 392,800

gpd

PrivateCommunityWater SystemsNine private communitywater system®n groundwater wés exist in
Shenandoah County arndcludeBattleground Trailer Park, with a daily capacity limited by storage to

11,200 gpdEdinburg Extended with two groundwater wells with a combipednitted capacity of

34,000 gpd (max capacity 42,000 g@)S 2 NHS Q& / KAO1 Sy KIF& &AE 6Stfta sAi
capacity of 14.98 MGD (plus purchases water from Woodstock Téletliar Subdivision has three wells

with a combined permitted capacity 6,000 gpd (maximum combined design capacity of 259,20Q gpd)
[FYOSNIQE a20AfS Attt gAGK (g2 ANDAUHHEinMunt SNI 6Sft f &
combined capacity design is 119,088gnssanutten View has three wells with an average daily use of

24,000 gpd (maximum combined design capacity is 158,400 pdntain Waterworks has one well

permitted to servel7 connections (max 6,800 gp#)@ | Yy Q& { dzo RAGAaA2y KF&a 2yS ¢
connections (6,800 gpd maxgnd Valley View Subdivision has twells serving 19 connections with an

average daily capacity of 5,225 gpd (93.6 gpd maximum design combined capacity).

2.1.12 Town of Edinburg

The Town of Edinburg has two groundwater wells with a maximum design capl482,000 gpd,
though the current VDH perisi A4 HnnXnnn 3ILIRD 9RAYOdzZNEQA g GSNJ
capacity. There are narivate communitywater systemsn EdinburgEdinburg Town has a wellhead

protection ordinance.

Q¢

2.1.13 Town of Mount Jackson
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The Town of Mount Jackson has five grouatkw wells serving the Town with a combined permitted
capacity of 699,2001n addition, the Town has recently had two additional wells permitted by VDH that
are capped and waiting to be brought into the systehiere are ngrivate communitywater systens
serving the TownMount Jackson has conducted an inventory of potential sources of point source
pollution within their wellhead areas.

2.1.14 Town of New Market

NewMarket Town has six groundwater wells with a maximum designed capacity of 2,923,200 gpd (2.92
MGD). There are ngrivate communitywater systemsvithin New Market. New Market has a wellhead
protection overlay area.

2.1.15 Town of Strasburg

The Town of Strasburg hapablic communitywater systembased on an intake of surface water on the
North Fork othe Shenandoah River. The town was permitted to withdraw 1MGD but their permit was
increased to 3 MGD in 201@Gtrasburg holds a Virginia Water Protection (VWP) Permit for the intake.
There are ngrivate communitywater systemsn Strasburg.

2.1.16 Town of Toms Brook

TheToms Brook Sanitary Distrsgrves the Town of Toms Brook with two welith a combined
maximum design capacity 841,600gpd. There are ng@rivate communitywater systemswvithin Toms
Brook.

2.1.17 Town of Woodstock

The Town of Woodstock hagablic communitywater systems$ased on an intake of surface water on
the North Fork of the Shenandoah River. The town was permitted to withdraw 2.02 MGD. There are no
private communitywater systemsn Woodstock

2.1.18 Warren County

Existing water sources Warren County include privately owned community water systerérren
County hasnetown: Front Royal The town has a public CW8.addition to public and private CWS,
there are homes and businesses withifarrenCounty that are served by groundwater Nge These
wells vary in quantity throughout the year. A map showingghbblic communitywater systemsn the
Town of Front Royas presented orMap 2.1.

Public CWSWarrenCountyhas no publicommunity water systems

Private CWS Warren County hafive private community water systemson groundwater wells. These
include: Dungadin Subdivision with three wells and a combined permitted capacity of 22,000 gpd
(maximum design capacity is limited to 820 gpd) Freezeland Manor Subdivision with two wellth a
combined permitted 33,600 gpd capacity (storage limite@®867 gallonsHigh Knob with six wells and

a combined capacity permitted at 155,520 gpgdckson Meadow with two wells and a combined permitted
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17,680 gpd capacityhree groundwater wéé at Shenandoah River Estates permitted capacity combined of
22,000 gpdand Shenandoah Shores with five wells and a permitted capacity of 159,600 gpd.

2.1.19 Town of Front Royal

Thepubliccommunitywater system serving the Town of Front Royal and some ofdh®snding

Warren County ibased on surface water river intakeshrée river intakes (on Sloan Creek, Happy Creek,
and the South Fork of the Shenandoah River) have a combined permitted capadiyGad. No private
communitywater systemsare located wthin Front Royal.The Town of Front Royal holds a Virginia
Water Protection (VWP) Permit for the intake.

2.1.20 Winchester City

Existing water sources the City of Winchesteinclude public community water systems owned and
operated by theCity of Winchestemwith no privately owned community water systems. In addition to
public CWS, there are businesses witBity of Winchestethat are served by groundwater wells. These
wells vary in quantity throughout the year. A map showingghbbliccommunitywater g/stemsin City

of Winchesteiis presented on Map 2.1 (page 137)

PublicGommunity Water §stems Winchester Cithasan intake on the North Fork of the Shenandoah
River with adesign capacity limited by the sedimentation basin of 10 M@I@ pumping capcity is14
MGD). In addition, Winchester has a permit to withdraw up to 1 MGD from Fay Spring. Fay Spring
requires treatment and is not currently in use.

2.2 Amount of Water Available to be Purchased froButside eachlurisdictionfrom any Source
with the Capacity to Withdraw more than 300,008allons perMonth of Surface and
Groundwater

The Clarke Counsanitation Authority(CCSAgurrently provides water to th&own of Boyce There is
no known contract between the Town of Boyce and G@Bé\Boyce ownro water distribution
infrastructure TheFrederickCountySanitation Authoritf FCSAQurrently purchases water from the
City of Winchester. It has a contract allowing them to continue purchasing water with no endittate
cap of 2 MGD TheFCSAurrently provides water to the Town of Stephens City. There is no keodn
date for thecontract between the Town of Stephens City and the FCB# City of Winchester sells
water to theTown of Middletown with a cap of 238,000 gpdhe City of Winakster and the Town of
Middletown are entering discussions in June 2011 regarding the limit of water to be purchEsec is
no end date for the water purchase agreement between FCSA and Winch&beiStoney Creek
Sanitation District in Shenandoah @buprovides water to the Orkney Springs / Bayse village. The Toms
BrookMaurertown Sanitation District in Shenandoah County serves Toms Brook with Wares. Brook
does not own nor operate any water infrastructurlo sanitation distrid® contracts hee expiration
dates.

2.3 Estimate of Agricultural Users of More Than 300,000 Gallons per Month
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The water usage records from Virgim&Qwere reviewed but detailed livestock or crop data was not
availablefor agricultural users of groundwater or surface waté&he U.S. Department of Agriculture

2002 and 2007 Census of Agriculture data for each county in the planning regiasseassedo provide
estimates of crop land in acres and cattle head size. Estimates aflagadn the ounties were based

on the2007 Census of Agriculture datln general, most agriculture in the counties of the regises

surface water stream intakes for irrigatiovith gasrun pumps to withdraw the waterNo water usage
estimate was calculated for the croplands and vineydetsausethe use of water on crops varies with
annual precipitation.The agricultural livestock and crop (type and quantity) for each county are
presented in the table below Estimates for livestock were calculated based on number and type of
animal. Thee are no knowrSelfSuppliedusers of more than 300,000 gallons per month of watéhin

the Towns or City, only those identified were within the outlying County rural areas. Below is a listing of
agricultural users of water reporting to DEQ and thakntified from the Census of Agriculture

database. While Census of Agriculture data presented includes both head of livestock and cropland; only
water usage for livestock is estimated from the datatal crop irrigation unreported has not been

estimated for any counties since the irrigation of crops varies based on climatological conditions. Crop
acreage is noted but not used in the water usage estimate.

2.3.1 Clarke County

Self-Supplied agricultural reported users of water in Clarke County included Dorsey and Moore (0.0794
MGD in 2008), White Post Farm (unreported quantity), and Ivy Hill Farm (0.0353 MGD). The total
agricultural large users of water in Clarke reported use about 0.1147 MGD in 2008. According to the
Census of Agriculturgata, the farms inClarke County cové7,919 acreswith an estimated monthly use
of water 0f5,3658000r 0.179 MGD. Total cropland in Clarke County w2530 acres in the 2007
Census of Agriculture data.

2.3.2 Frederick County

Self-Supplied agricultural users of water in Frederick County included Timber Ridge Fruit Farm (no
information on water use reported in 2008), MacDonald Farm (0.003 MGD), and Springwood Farms (0.04
MGD). The total agricultural large users of water in Frederick reported use about 0.043 MGD. According
to the 2007 Census of Agricultur&rederick County h&8,278 acres in farmland for livestock and
approximately 37,900 acresin cropswith an estimated monthly water use for livestocks459,040
gallonsor 0.182 MGD.

2.3.3 Page County

SeltSuppliedagricultural users of water in Page County using over 300,000 gallons per month in 2008
included Noah Turner Landscapii®g31 MGDand Happy Valley Greenhougssing a reported.001

MGD), with a btaling reported farm use of 0.032 MGD. Irdébn, according to the2007 Census of
Agriculture, Page Counfgrmland cover$4,387 acres. There wereapproximately27,702 acres in crops
grown in Page CountyBased on the number of farms and types of livestock, it was estimated that
8,264,880galbns per month are used @.2755 MGD.



2.3.4 Shenandoa@ounty

No SeltSuppliedagricultural users of water in Shenandoah County using over 300,000 gallons per month

in 2008 were reported According to the2007Census of Agriculture, farms in Shenand@atunty cover

141,286 acresand 60,247 acres are crops land.Based on the number and type of livestock, an estimated

14,630,760gallons per month are used on the farm lands collectively, or 0.488 MGD.

2.3.5 WarrerCounty

The Front Royal Fish Culturat®in was theonly large SelfSuppliedagricultural water user reported in

2008 to use over 300,000 gallons per mongccording to the2007Census of Agriculture, Warren
Countyhas47,635 acres in farmland anti3,354 acres in crops.Based on livestodype and head, an

estimated3,127,680gallons of water are used monthly to support farms, or 0.104 MGD.

A summary of the 200AgriculturalCensus data is presented below.

AGRICULTURAL SUMMARY in NORTHERN SHENANDOAH VALLEY
Clarke Frederick Page Shenandoah | Warren
Agricultural Census Data County County County County County
Farms (acres) 2007 67,919 98,278 64,387 141,286 47,635
Farms (acres) 2002 74,279 112,675 64,045 133,032 48,940
Land in irrigated farms (ac) 2007 6,630 8,107 1,698 8,918 502
Farm harvested cropland (ac) 2007 4,241 2,791 916 3,046 96
Other nonpasture cropland (ac)
2007 42 2 (D) 65 -
Pastureland farms irrigated (ac)
2007 1,783 (D) 647 2,270 197
Irrigated Land (ac) 2007 515 299 295 756 58
Total Cropland (acres) 2007 32,530 37,900 27,702 60,247 13,354
Total Cropland (acres) 2002 47,926 59,312 33,178 70,324 23,536
Irrigated harvested cropland (ac)
2007 515 282 (D) 725 43
Irrigated pastureland / other (ac)
2007 - 17 (D) 31 15
Land enrolled in conservation
/ Reserve (acres) 2007 (D) 707 119 398 27
2002 858 1,187 466 804 167
Cattle and Calves 2007 (humber) 14,905 15,164 22,958 59,600 13,500
Horses and Ponies (number) 2,891 1,089
Hog and Pigs (number) (D)
Goats (all) 717
Poultry - Layers (number) 1,533 1,265 248,956
Broilers Chicken 7,015,010
Turkeys 902,211
Pullets 139,000
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Sheep and Lambs (number) 791 600 3,800
Top Crop (acres)

Forage-Land used for all Hay,
Haylage, Grass Silage, and

Greenchop (Ac) 07 16,909 21,776 16,360
Corn for Grain (ac) 2007 3,115 2,199 2,752
Corn for Silage (ac) 2007 1,750 1,126 2,728
Soybeans for beans (ac) 2007 2,030 831 776
Apples (ac) 2007 590 5,600

Barley for Grain (ac) 1,050

Based on th007 Census of Agriculture dathe number of farms and types of livestock were reviewed
and an estimated monthly use of water was calculated. The table below presgitsltural monthly
water use estimated in the regiorAs stated previously, estimated water use for crops was not
calculated because crop irrigation is dependent upon the seasonal water conditions.

AG Water Use

# of Avg. Size of Farms Estimated Monthly Usage
County Farms | (Acres) Livestock | (Gallons)
Clarke 496 136 14905 5365800
Frederick 676 145 15164 5459040
Page 530 121 22958 8264880
Shenandoah 1043 135 40641 14630760
Warren 387 123 8688 3127680
Regional Total Monthly
water Use 36848160

2.4 Residences and Businesses that &elfSupplied and Individual Wells Withdrawing Less than
300,000 Gallons per Month

Estimation of the residencesd businesses that ai®elfSuppliedand served by individual groundwater

wells withdrawing less than 80000 gpm (gallons per month), is calculated by subtracting the public and

private community water systems from the locality populatid®opulations served by the public

community water systems werngrovided by each jurisdiction based on 2008 dafapubtions served by

the private community water systems weestimated from the number of connections multiplied by

estimated community household for that locality. The County population served by individual wells has

Town populations and private water systs subtracted.

Estimated
Population Estimated
served by Remaining
Population | Private Population Estimated
Minus Served by | community Served by Water Use
2008 Total | Town Public water systems | Individual on Wells
Locality Population | Population | CWS (est 125 gpd) | Wells (75gpd)
Clarke County 13,758 9,261 705 8,556 641,700
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Town of Berryville 3,941 0 3,941

Town of Boyce 556 0 556

Frederick County 74,786 71,851 5993 65,858 | 4,939,350
Town of Middletown 1,199 0 1,199

Town of Stephens City 1,736 0 1,736

Page County 23,869 15,321 811 13,810| 1,035,750
Town of Luray 4,895 0 5,220

Town of Shenandoah 2,104 0 2,104

Town of Stanley 1,491 0 2,500

Est Page County Served by

Stanley CWS 700

Shenandoah County 40609 21,656 1,357 20,299 | 1,522,425
Town of Edinburg 1,001 0 1,001

Town of Mount Jackson 2,290 0 2,290

Town of New Market 2,477 0 2,477

Town of Strasburg 6,242 0 7,096

Town of Toms Brook 251 0 251

Town of Woodstock 5,838 0 5,838

Warren County 36,377 22,107 3,097 19,010| 1,425,750
Town of Front Royal 14,270 0 14,270 0

City of Winchester 25,679 0 0

George's Chicken uses 14,980,000 gpd
+ Strasburg population is for 2009

25 Wellhead Proection Ordinance Sourcewater Protection Programs

The County of Clarke has a wellhead protection program in place. Frederick County has an ordinance to
protect the quarries storing the groundwater from being accessed by the general public. In ad@@én F
has a fence surrounding the quarries to limit accessibilityPage County, the Town of Stanley is

developing an ordinance to protect wellhead areas. In Shenan@oainty, the Towns of New Market,
Edinburg, and Mount Jacksbave wellhead protectioprograms in place.
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3.0 EXISTING WATER USE INFORMATION

Thepopulations for each jurisdiction in the Northern Shenandoah Valley region were available by U.S.
Census for 20 and 2010 and arpresented on the table below. In addition, the estimated papiohs

for the years reported in this water supply plan include 2002, 2003 and 2008. Estimates for the Town
populations during 2002, 2003, and@were calculated by a straight line derivation fron0Q@nd

2010 Census data.

Population Estimated Populabin®
Census Census

Locality 2000 2010 Est02 | Est03 | Est08
Clarke County 12,652 14,034 12,928| 13,067| 13,758
Berryville Town 2,963 4,185 3,207 3,329 3,941
Boyce Town 426 589 442 459 556
Frederick County 59,209 78,305 63,028| 64,938| 74,486
Middletown Town 1,015 1,266 1,015 1,045 1,199
Stephens City Town 1,146 1,829 1,469 1,514 1,736
Page County 23,177 24,042 23,350 23,437| 23,869
Luray Town 4,871 4,895 4,891 4,902 4,953
Shenandoah Town 1,878 2,373 1,935 1,963 2,104
Stanley Town 1,326 1,689 1,367 1,388 1,491
Shenandoah County 35,075 41,993 36,459 37,150 40,609
Edinburg Town 813 1,41 856 880 1,001
Mount Jackson

Town 1,664 1,994 2,056 2,095 2,290
New Market Town 1,637 2,146 2,198 2,245 2,477
Strasburg Town 4,017 6,398 5,404 5,686 6,242
Toms Brook Town 255 258 247 247 251
Woodstock Town 3,952 5,097 5,058 5,188 5,838
Warren County 31,584 37,575 32,782| 33,381| 36,377
Front Royal Town 13,589 14,440 13,759| 13,844| 14,270
Winchester City 23,585 26,203 24,109| 24,370| 25,679

Note* Estimated Population calculated from (Census 2010 - Census 2000)/10 = annual increase

The residential population of each jurisdiction is provided by community water systeSedfor

Suppliedwells.
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The average per capita use of water can vary from 80 gallons/day to 200 galloirstiayUnited State
(Virginia Polytechnic State University, Water Resource Center, 20088)Commonwealth of Virginia
Waterworks Regulationis based on a usef 100-gallons/day/capita.For planning purposes,
consideration should be given to water losses from the treatment plant to delivery point, which is
estimated at about 30%Also, a margin of safety will compensate for uncertainty in population
projection Therefore, for thisVater Supply Plan for the Northern Shenandoah Vadleyestimate of
water demand per capita of 12fallons aday was used to compensate for uncertainty in per capita
water use and population increaer residents served on municipaater systemgnot including
industrial, agricultural and other uses)

3.1 Community Water Systems Use

See thecombinedspreadsheeffor Sections 70 and 8fosted on the NSVRC websifey, a detail of public
and private water use. In addition, the spdsheet contains an estimated monthly water demand
disaggregated into categories for use including residerg@hmercial, heavy industrial, military,
production process water, unaccountdor water losses, sales and other. Thesser sources and
demandsare summarizedor each jurisdictiorbelow.

3.2 Clarke County

Public Community Water Systeniie Clarke County Sanitation Authority has a public community water
system with an intake on Prospect Hill Spring with a permitted capacity of 180,000 gatatesyp(gpd).
The Clarke County Sanitation Authority maintains three finished water storage tanks with a combined

capacity of 275,000 gallonsThe source for Clarke County, also serving the Town of Boyce, is 0.18 MGD.
In 2008, the Average Daily Use w866 MGD, with a Maximum Daily Use of 0.157 MGD that
predominantly served residents within the Town of Boydée Clarke County Sanitation Authority in 2011
has 276 water accounts in the Town of Boyce. Of these 276, 20 are commercial customeESaard 2
residential customersThe Sanitation Authority h&9 water accounts in White Pqsif which siare
commercial customers and 53 are residenti@here are alsd07 water accounts in Millwood. Of these
107, 10 are commercial customers and 97 msidential customersin total for the Sanitation Authority,
there are 442 total water accountf which36 arecommercial and 406 residential. Of the 442 water
accounts, 276erve theTown of Boyce Based on 2.25 persons/house times 125 gallons ténwesed

per capita per day, approximately 77,625 gpd are supplied to meet the population demand of Boyce.

Private Community Water SystemGraftonSchool senes123 persons with a groundwater well (123

persons times 125 gpd a person is 15,375 gpdg Reétreat is served by groundwater wells and a

maximum permitted capacity of 59,200 gpd. River Park groundwater well has a maximum capacity
permitted at 13,600 gpd. The combined private community water system for Clarke County has a source
capacity of 0882 MGD.
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In 2002 the surface water Average Daily Use was 0.02476 MGD and the Maximum Daily Use was 0.0618
MGD (no reported withdrawal for Grafton SchaolRiver Park). In 2002, the Average Ddilihdrawal

for private Community water users was 0.02%HM and theMaximumDaily Withdrawal was 0.06 MGD.

In 2008, the AveragDaily Withdrawal for privateoecnmunity water users was 0.02 MGD and the

Maximum Rily Withdrawal was 0.06 MGD.

3.3 Town of Berryville

The public community water system for Berryvilkes an intake on the main stem of the Shenandoah

River with a permitted capacity of 864,000 gpd. In 2002 the Average Daily Use was 0.365 MGD and the
Maximum daily use in 2002 was 0.749 MGD. In 2003, the Average Daily Use was 0.365 MGD and in 2008,
the Average Daily Use was 0.381 MGD.

34 Town of Boyce

The Town of Boyce has water provided by the Clarke County Sanitation Authority. In 2002 the Average
Daily Use was 0.067 MGD and in 2003 the Average Daily Use was 0.085 MGD. In 2008, th®ailyerage
Use was 0.089 MGith a maximum daily use of 0.157 MGD that was predominantly for residents within
the Town of Boyce.

3.5 Frederick County
Public Community Water SystemBheFrederick County Sanitation Authority has three groundwater

wells (Anderson, Whetzel, and Bartonsville) with water storage in a series of interconnected quarries.
Water quantity for the wells is as follows: Anderson well permitted maximum capacity is 547,000 gpd;
the Whetzel well permitted max capacity is 936,@pel; and the Bartonsville well has a maximum
permitted capacity of 509,760 gpd. The Authority also purchases up to 2 million gallons a day (MGD)
from the City of Winchester. The Authority provides water to the Town of StephensT@yf-rederick
Couny Sanitation Authority has a source capacitd @28MGD Currently the Frederick County

Sanitation Authority has 13,502 connections, not including bulk water sold to the Town of Stephens City.

In 2002 the average daily use was 2.4764 MGD. In 2008/4rage daily use was 6.73 (however 4.8
MGD went to Frederick County and the Town of Stephens City users). The maximum daily use was 5.29

MGD reported in 2008.

Private Community Water SystemBrivate community water systems in Frederick County on

groundwater wells include the four systems of Hilltop Trailer Park (permitted 14 connections at 5,600
gpd); Shawnee Land with four wells serving 155 connections (with a combined permitted capacity of
172,800 gpd); Lake Holiday Estates with seven groundwater avella combined permitted capacity of
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326,000 gpd; and Tavenner Trailer Court with four groundwater wells with a combined average capacity
of 244,800 gpd serving 81 connectioridie combined source capacity for the private community water
supply systemss 0.749 MGD

36 Town of Middletown
In 2008the average daily use wé@s182MGDwhich waspurchased from the City of Winchester.

3.7 Town of Stephens City

The Town of Stephens City purchases water from the Frederick County Sanitgtionit. There are

no private community water systems in Stephens City linfiteeAverage Daily use in 2002 was 0.0927
MGD

3.8 Page County
Public Community Water SystemSome of the Page County residents are served by the Town of Stanley

groundwater wells.

Private Community Water SystemBrivate community water systems in Page County on groundwater

wells include the Egypt Bend Estates with two wells and a combined maximum permitted capacity of
38,100 gpd; Luray Homes with two weliglaa combined permitted capacity of 12,000 gpd; Old Farms
Subdivision with two wells and a combined permitted capacity of 3,200 gpd; Page Valley Estates on two
groundwater wells with a combined permitted capacity of 20,106 gpd; and Shenandoah UtiligeServi

on one groundwater well with a permitted capacity of 28,000 ghd2002, the Average Daily

Withdrawal for private Community water users was 0.02 MGD and the maximum daily withdrawal was
0.06 MGD

3.9 Town of Luray

The Town of Luray providevater fromone spring (Hite) and orgroundwater wel(Well #6) In

addition, they have two wells currently clos@dudson and Yager Spring). The Town of Lurag has
combined permitted capacity of 1.224 MGD. There are no private community water syistemsy.

There is a well #6 which is currently offline but has a daily capacity of 0.496 MGD and a maximum daily
capacity of 0.662 MGDLuray served a daily water use of 837,559 gallons per day in 2008, with an
average peak daily use of 944,435 gadl per day. In 2010 the Town of Luray serves a population of
4,895. In addition, in 2010 the Town provided County residents witfobtdwn water to 130

connections. The Town estimated this to be 130 connections times 2.5 residents per household
connection, plus the 2010 population for a total water service provided to 5,220 persons.
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3.10 Town of Shenandoah

The Town of Shenandoah has three groundwater wells that serve the town with a combined permitted
design capacitliimited by yield folWells 2 and 3 and pump capacity for Well No. 5; therefore, the source
capacity permitted is 0.601 MGD. There are no private community water systems within the Town of
Shenandoahln 2002 the average Daily Use was 0.2626 MGD with a Maximum Withdraw&Bef 0

MGD. In 2008 the average Daily Use was 0.32 MGD with a Maximum Withdrawal of 0.51 MGD.

3.11 Town of Stanley

The Town of Stanley has six groundwater wells with a combined permitted capacity for the first four of
805,650 gpd.There are no pvate community water systems in Stanley. Part of the Stanley water
distribution serves residents outside town limits in the County through 774 connections. Stanley is in the
process of a wellhead protection program including fencing and an ordindn@Q02 the Average Daily

Use was 0.3977 MGD, with no maximum daily withdrawal numbers repohte®008 the Average Daily

Use was 0.42 MGD, with no maximum daily withdrawal numbers reported.

3.12 Shenandoah County
Public Community Water SystemShenandoah County has two Sanitary Districts servin@dyse
Bryce Mountain Resort area atite Town of Toms Brook. The Stoney Creek Sanitary District is

comprised of seven groundwater wells with a combined permitted design capacity of 392,800hgpd.
2002 the Stoney Creek water use was 0.159 MGD, maximum daily use was 0.26t\2GEB the
Average Daily Use was 0.228 MGD, with a maximum daily withdrawal of 0.332 MGD reported.

Private Community Water SystemNine private community water systems groundwater wells exist in
Shenandoah County and include Battleground Trailer Park, with a daily capacity limited by storage to

11,200 gpd; Edinburg Extended with two groundwater wells with a combined permitted capacity of

34,000 gpd (max capacity 42,080LJR0 T DS2NHSQa / KAO1 Sy Kl & AaAE 5Stfa
capacity of 14.98 MGD (plus purchases water from Woodstock Town); Hollar Subdivision has three wells

with a combined permitted capacity of 26,000 gpd (maximum combined design capacity dd259®);
[FYOSNIQE a20AfS Attt gAGK Gp2 ANRAzyRGFGSNI 6Stfa
combined capacity design is 119,068); Massanutten View has three wells with an average daily use of

24,000 gpd (maximum combined design capacity is TBBgpd); Mountain Waterworks has one well
LISNY¥AGGSR (2 &aSNWS wmt O02yySOilA2ya 6YFE cXynn 3LIRO
connections (6,800 gpd max); and Valley View Subdivision has two wells serving 19 connections with an
average daily cagmity of 5,225 gpd (93.6 gpd maximum design combined capadibhgBattleground

Trailer Park water us&as0.0084 MGD or 0.01 MGDIhe combined nivate water supply surce is

14.9288 MGD
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3.13 Town of Edinburg

The Town of Edinburg has two groundwater iw@lith a maximum design capacity of 432,000 gpd,
GK2dAK GKS OdzZNNByid 51 LISNXYAG A& wunnInnn 3JLIROD
capacity. There are no private community water systems in Edinburg. Edinburg Town has a wellhead
protection ordinance.ln 2002 the average daily use was 0.15 MGD and the Maximum Daily Use was
0.249 MGD.In 2008 the Average Daily Use was 0.16 MGD, with a maximum daily withdrawal of 0.42
MGD reported.

3.14  Town of Mount Jackson

The Town of Mount Jackson hage groundwater wells serving the Town with a combined permitted
capacity of 699,200. In addition, the Town has recently had two additional wells permitted by VDH that
are capped and waiting to be brought into the systerfror 2002he Average Daily $¢was0.293 and

the Maximum Daily Use was 1.01 MGiD2008 the Average Daily Use was 0.26 MGD, with a maximum
daily withdrawal of 0.92 MGD reported.

3.15 Town of New Market

New Market Town has six groundwater wells with a maximum designed capa2i§2;200 gpd (2.92
MGD). There are no private community water systems within New Market. 0.38 MGD was the Average
Daily Use in 2002 with a Maximum Daily Use of 1.12 MBR008 the Average Daily Use was 0.68 MGD,
with a maximum daily withdrawal of 85 MGD reported.

3.16  Town of Strasburg

The Town of Strasburg has a public community water systsad on an intake of surface water on the
North Fork of the Shenandoah River. The town was permitted to withdraw 1MGD but their permit was
increased to MGD in 2010.n 2002 the Average Daily Use was 0.744 and the Maximum Daily Use was
0.958 MGDIn 2008 the Average Daily Use was 1.68 MGD, with a maximum daily withdrawal of 1.94
MGD reported.

3.17 Town of Toms Brook

Toms Brook Town has two wells vt Sanitary District with a combined maximum design capacity of
241,600gpd. In 2002 the Average Daily Use was 0.095 MGD and the Maximum Daily Use was 0.176
MGD. In 2008 the Average Daily Use was 0.13 MGD, with a maximum daily withdrawal of 0.2 MGD
reported.

3.18 Town of Woodstock

Pl
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The Town of Woodstock has a public community water systems based on an intake of surface water on
the North Fork of the Shenandoah River. The town was permitted to withdraw 2.02 MGD.

In 2002, the Average Daily Use wla81 MGD with maximum daily use of 2.41 MGD. There was no
reported information for the Town of Woodstock in 2002. 2008 the Average Dailyse was 0.0042

MGD.

3.19 Warren County

Public CWSWarren County has no public community water systems.

Private CWS.Warren County has five private community water systems on groundwater wells. The
Combined private community water system design permitted capacity is 0.4104 M{gb knob private
CWS had an average daily use unreported but the pump capaagynated to be 0.047 MGDTotal
private use in 2008 was 1.62 MGD.

3.20 Town of Front Royal

The public community water system serving the Town of Front Royal and some of the surrounding
Warren County is based on surface water river intakes. Threeiritakes (on Sloan Creek, Happy Creek,
and the South Fork of the Shenandoah River) have a combined permitted capaciyGad. In 2008 the
Average Daily Use w2s0048MGD, with a maximum daily withdrawal 835 MGD reported.

3.21  Winchester Ciy
Public Community Water Systemd@/inchester City has an intake on the North Fork of the Shenandoah
River with a design capacity limited by the sedimentation basin of 10 MGD (the pumping capacity is

14MGD and). In addition, Winchester has a permit tthdraw up to 1 MGD from Fay Spring. Fay Spring
requires treatment and is not currently in usén addition to residential use averaging 1.55 MGD, the
City of Winchester sells water to the Town of Middletown and Frederick County averaging a totdl of 2.1
MGD; other uses include Commeraald industrialight use 2.201 MGD, and unaccounted for losses in
the City is 1.853 MG[Permitted source capacity for the public community water system is 11 MGD
based on 10 MGD intake on the Shenandoah River and 1fdtGlaye Springdn 2008 the Average

Daily Withdrawal was 7.71 MGD (with 0.1821 MGD to Middletown and 1.93 MGD to Frederick County
Sanitation Authority). The daily maximum withdrawal in 2008 was 10.44 MGD.

3.22 Egimate of Water Used bySelfSupplied Nonagricultural Users of More than 300,005allons
per Month of Surface and Groundwater Inside the Service Areas of the Communater
System

Surface Water Intake Water Users

In Clarke County there is Federal Emergeviepagement Agency (FEMA) with an averdgily use in
2008 of 0715 MGD. FEMA uses water from an intake on the Shenandoah Riverlerick County
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there were threeSelfSuppliednonagricultural users of water including the Winchester Golf Club (Golf
pondwater of 0.0896 MGD); the other tw Carpers Valley Golf Course and GdaatPhad no water

usage in 2008. Page County has 8e#Suppliednonagricultural water user the Luray Caverns Country
Cluh using an average daily 0.0405 MGD of stream water from the South Fork of the ShenRinkrah

In Shenandoah County there are thi8elfSuppliednonagricultural water users: Bryce Resort (with
surface water intake on Stoney Creek of 0.2222 MGD for creating snow and golf c8hee)alee
Lodgelnc.with a Smith Creek intake 6045 MGDand the Strasburg Plant @ Minerals Company)

with groundwater in Shenandoah Quarry with an average daily use of 0.0009 MGD. The Riverton Plant
has an intake on the Shenandoah River in Warren County, but did not report any water use in 2008. In
the City of Winchestethe WINCHESTER PLANHéFal Mogul Friction Product) isSelfSupplied
nonagricultural user but had no water use reported in 2008e total MGD for these surface water Self
Supplied nonagricultural userslist14MGD.

Groundwater Users

Berryville Graphics is the one nonagricultusalfSuppliedgroundwater user in Clarke County using
0.0028 MGD. In Frederick County the groundw&elfSupplied nonagriculturalusers include Valley
Protein (0.1434 MGD) and Gore Plant (0.015 MGi$henandoalCounty the nonagricultursdelf
Suppliedusersof groundwaterinclude George Chickef.832 MGD) Shrine Mont (0.26)Valley Mk
Products Strasburg Plant; 2 ¢ Y | y Q:@and!Hbulelf Metal. The total SeHSupplied users of
groundwater in Sheandoah County in 2008 used 1.937 MGID.Warren County the groundwater use
includes the Bowling Green Club (0.05 MGD) and Shenandoah Valley Golf Club (0.0332 ME&D)ty
of Winchester the Federal Mogul Planteak).39 MGD

3.23 Estimate of WatelUsed bySelfSupplied Nonagricultural Users of More than 300,000 Gallons
per Month of Surface an@roundwater Outsidethe Service Areas of the Community Water
System

None reported.

3.24 Estimate of Water Used bgelfSupplied Agricultural Users of More¢han 300,000 Gallons per
Month of Surface and Groundwater Inside the Service Areas of the Community Water System

The breakdowns are calculated by County only from@kesus of Agriculturgata. Estimates of water
use for cattle (beef) & calves 12 gpdJkrdows 35 gpd, pigs 5 gpd, sheep 2 gpd, poultry laets
broilers0.06, horses consume 12 gpd, goatsNlo water irrigation estimates were calculatext £rops
although the following water usages were considered likely for normal wet ysaybean 25

inchegacre, veggies 15 inches/acre, and unknown 2hagacre. Livestock water usage is presented in
source descriptions, Chapter 2.

3.25 Estimate of Water Used bgelfSupplied Agricultural Users of More than 300,000 Gallons per
Month of Surface andsroundwater Outside the Service Areas of the Community Water System

None reported.
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3.26 Estimate of Water Used bgelfSupplied Usersof Less than 300,000 Gallons per Month of
Surface and Groundwater Inside the Service Areas of the Community Water @yste

Estimaes ofindividual resident®n wells per Countyere calculated using008 population minus those
served by public andrivate communitywater systems The average water use per capftar individual

wells was75 GPD.

Estimation of the residencemd businesses that a®elfSuppliedand served by individual groundwater

wells withdrawing less than 300,000 gpm (gallons per month), is calculated by subtracting the public and
private community water systems from the locality populatid®opulatiors served by the public

community water systems werngrovided by each jurisdiction based on 2008 dafapulations served by
the private community water systems weestimated from the number of connections multiplied by
estimated community household fohat locality. The County populatiserved by individual wells has
Town populations and private water systems subtracted.

Estimated

Population Estimated

served by Remaining

Population | Private Population Estimated
Minus Served by | community Served by Water Use
Town Public water systems | Individual on Wells

Locality 2008 Total Population Population | CWS (est 125 gpd) Wells (75029
Clarke County 13,758 9,261 705 8,556 641,700
Town of Berryville 3,941 0 3,941
Town of Boyce 556 0 556
Frederick Gunty 74,786 71,851 5993 65,858 | 4,939,350
Town of Middletown 1,199 0 1,199
Town of Stephens City 1,736 0 1,736
Page County 23,869 15,321 811 13,810| 1,035,750
Town of Luray 4,880 0 5,220
Town of Shenandoah 2,104 0 2,104
Town of Stanley 1,491 0 2,500
Est Page County Served by
Stanley CWS 700
Shenandoah County 40,609 21,656 3,889 1,357 15,064| 1,129,800
Town of Edinburg 1,001 0 1,001
Town of Mount Jackson 2,290 0 2,290
Town of New Meket 2,477 0 2,477
Town of Strasburg 6,242* 0 7,096
Town of Toms Brook 251 0 289
Town of Woodstock 5,838 0 5,838
Warren County 36,377 22,107 3,097 19,010 1,425,750
Town of Front Royal 14,270 0 14,270 0
City of Winchester 25,679 0 0

George's Chicken uses 14,980,000 gpd

* Strasburg Town population provided for 2009

** Shenandoah County Sanitary Distrgotonnections
1600x3600 population; Toms Bredkaurertown Sanitary
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A summary of wateusedin milliongallonsa day (MGDin 2008 is provided on the table below for each

locality in the Northern Shenandoah Valley Regional Commission planning region.

oy | Ploows | Pustase| o | 2099 | 208 | wonac | ssumg ag | Nonky | | iaer
Capacity Available Permmgd cws cWSs >300K | >300K | Estim <300K Used_by
Capady gpm gpm Locality
in 2008
Clarke County 0.18 0.0882 .066 0.025 0.7178| .115 179 0.6417
Town of Berryville 0.864 0.381 0.381
Town of Boyce 0.089 0.089
Frederick County 5.2 2 0.749 2.484 | 0.599 0.248 | .043 .182 4.939
Town of Middletown 0.11 0.182 0.182
Town of Stephens City .238 0.108 0.108
Page County 0.101 0.041 .032 0.2755| 1.036
Town of Luray 1.224 0.823 0.823
Town of Shenandoah 0.601 0.187 0.187
Town of Stanley 0.8056 0.428 0.428
Shenandoah County 0.3928 0.228 | 1.838 .86 0 0.488 | 1.522
Town of Edinburg 024 0.162 0.162
Town of Mt Jackson 0.6992 0.267 0.267
Town of New Market 2.92 0.685 0.685
Town of Strasburg 1* 0.853 0.853
Town of Toms Brook 0.2416 0.135 0.135
Town of Wodstock 2.02 0.624 0.624
Warren County 0.4104 1.62 0.0832 | 0.7326 0.104 | 1.426
Town of Front Royal 3 2.264 2.264
City of Winchester 11 1.54 0.39 7.71
Subtotals

* Note Town of Strasburg to irease source capacity to 3 MGD by September 2011
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4.0 BEXISTINGRESOURCERIFORMATION

This section of the Northern Shenandoah Valley Regional Water Supply Plan is prepared in accordance
GAGK CAGES Y 9YBANBYYSY (s 2gulatioiKiG WatériSupSy PrahningNI / 2 y
VAC 25780-10 through 9 VAC 2B380-190, under Statutory Authority: Sections 624.15 and 624

44.38:1 of the Code of Virgini& combination of groundwater, springs, and surface water supply

potable water to the planing area.

4.1 General Environmental Setting
Geology and Hydrology:

The Shenandoah Valley is a 160 Avleg valley located in the northwestern portion of Virginia. The
Shenandoah Valley is part of the Great Valley within the Appalachian Mountam cHae Appalachian
Mountains stretch from Georgia to Main#)e Great Valleystretches fromPennsylvania to Alabama. The
headwaters for the Shenandoah River are in Augusta and Rockingham Counties. The Shenandoah Valley
lies in a northsouth direction, ad is bounded between the Blue Ridge Mountains on the east and the
Allegheny Mountains on the west. Water runoff has carved the mountains' distinctive alternating

pattern of ridges and valleys. The soils include karst anekaost features.

The Shenanghh River, which runs through the valley, flows north and is a tributary to the Potomac River
that drains into the Chesapeake Bay, and ultimately Atlantic Ocean. A soft limestone layer forms much of
the base of the Shenandoah Valley. The Shenandoahdimerd out the Shenandoah Valley, dissolving

the limestone and carrying the sediments north to the Potomac.

Meteorology:
The climate of the Shenandoah Valley, particularly regarding precipitation, is strongly influenced by the

surrounding mountains. Wm moist air flows toward Virginia from areas to the west and northwest, it
encounters the high relief of the Allegheny Mountain system to the west of the Shenandoah Valley. As
that air is forced to rise over the mountains (known as orographic liftihgdals, moisture condenses

out and the bulk of the precipitation falls on the western slopes of the Alleghenies. This leaves
comparatively drier air to descend into the Valley and produce less precipitdtikawise, when moist

air from the nearby Atlatic Ocean flows across Virginia from the east, it encounters the Blue Ridge
Mountains to the east of the Shenandoah Valley. The same orographic lifting usually results in lower
LINSBOALIAGE GAZ2Y Y2dzydad Ay GKS = liefSikdatdoah¥&ldyinthR2 dzo f S
driest portion of Virginia and makes it one of the driest locations in the eastern U.S.

Typical annual precipitation amounts for nearby stations on the-&ashg slopes of the Blue Ridge
Mountains run about ten inches hightttan the Shenandoah Valley (around 48 inches as opposed to 38
inches). Statewide average annual precipitation is around 44 inches.
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The general mechanisms for precipitation change throughout the course of the year. -teatgEemid

latitude cyclones ath associated frontal passages predominate the colder months and sreedér

thunderstorm activity usually providing most of the rainfall in the warmer months. The Shenandoah
+Lff88x Ff2y3 AGK GKS NBal 27T sehdud iifhkebpEcttS® E LISNA Sy
precipitation. Nonetheless, the normally high rates of evapotranspiration in the summer months usually

lead to an overall loss of moisture, while the colder months allow for the replenishment of deep soil and
groundwater reserves.

In addition, the varied height and orientation of the flanking mountains can create large differences in
precipitation amounts at smaller scales. This is especially true during the summer months, when the
primary source of rainfall in Virginia is theutiderstorm.

The predominant flow of surface winds is northeasterly and southeastedirection throughout the

Valley. Diurnal heating and cooling also gives rise to@untain and valleyreeze, which circulates air

from higher surrounding elevations the Valley floor and up agaitsummer average temperatures in

the Valley areinthemid n Q& 6cC0O YR NI}INBfé& NBIFIOK G4KS mnnc YIN
themido n Q& @  -freké Growingldeasdn Bverages about six months, fromApid to Mid-October,

though local microclimates and elevational differences can bring considerable variation.

Rainfall is drained out of the Valley through a series of tributaries and streams that flow into the
Shenandoah River, flowing northward to the Potac River. According to P. Jerry Stenger, UVA
Climatologist, the following data was collected during 1971 to 2000 in Berryville, Woodstock, Luray, and
Frederick County weather stations. The average annual precipitation in our area is 38.27 inches, the
maximum average annual temperature is 65.48 degrees Fahrenheit (F) and minimum temperature
average is 41.66 F. The season temperature variation ranges from annual averages for winter max/min is
summarized in Tablk.1. While most of the Commonwealth receily an annual precipitation of 40

inches a year, the Shenandoah Valley receives an average of ab86tiBéhes a yearThe Blue Ridge
Mountains on the eastern side of the Valley averaged8énches Climatesource.cojnPrecipitation
averaged more thaB?2 inches with a maximum area above 64 inches on the western sides and peaks of
the Appalachian and Allegheny Mountains in West Virginia.

TABLE.1: SeasonaRegional Average Climatic NornfRegional
Average Climatic Normals (1922000) by Seasor

Winter Spring Summer Fall Annual

Total Precipitation (Inches) 7.80 10.03 10.74 10.01 38.58
Average Daily Maximum Temperature
(°F) 445 65.0 848 67.6 65.5

Average Daily Minimum Temperature (¢ 23.3  40.0 60.5 427 41.7
Average Daily Mean Tempeuae (°F) 339 525 727 55.2 53.6
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4.2: Local Climate Factsr each weather station from 1971 to 2000

Station Climatic Normals (1972000) By
Month
Total Precipitation (Inches)
Elev.
Station Name County (Ft.) | Annual
BERRYVIEL Clarke 600 | 38.27
LURAY 5 E Page 1400| 41.61
WINCHESTER 7 SE Frederick 680| 39.10
WINCHESTER WINC Frederick 720 | 36.40
WOODSTOCK 2 NE Shenandoal 680| 37.52
38.58
Average Daily Maximum Temperature (°F)
Elev.
Station Name County (Ft.) | Annual
BERRYVILLE Clarke 600 64.5
LURAY 5 E Page 1400 68.7
WINCHESTER 7 SE Frederick 680 63.2
WINCHESTER WINC Frederick 720 65.2
WOODSTOCK 2 NE Shenandoal 680 65.8
65.48
Average Daily Minimum Temperature (°F)
Elev.
Station Name County (Ft.)| Annual
BERRYVILLE Clarke 600 42.2
LURAY 5 E Page 1400 41.0
WINCHESTER 7 SE Frederick 680 43.6
WINCHESTER WINC Frederick 720 40.8
WOODSTOCK 2 NE Shenandoal 680 40.7
41.66

4.1.1 Detailed Resource Characterissic

A description of existing environmental conditions is included that may possibly affstteam and
groundwateruses as well those conditions that may potentially impact the quality and or quantity of
supply sources currently serving the planning area
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4.2 State or Federal Listed Threatened or Endangered Species or Habitats of Concern

Two state agencies are responsible for listing the threatened and endangered species: the Virginia
Department of Conservation and Recreation (DCR) maintains thes@lad insects in the region and

Virginia Department of Game and Inland Fisheri€®dW%) maintains the animals listed. The U.S.
Department of Agriculture and U.S. Fish & Wildlife Service identify federally protected species which are
also on the stateidts. The entire list of aquatic species or those associated with riverine ecosystems
found to inhabit identified from WGIF to occur within the region is appendicized to this Plan.

TheTiersaredefinedas:
Degree of
Tier| Conservation Description
Need
Critical Faces an extremely high risk of extinction or extirpation. Populations of these
1 |Conservation species are at critically low levels, facing immediate threat(s), or occur within
Need extremely limited range. Intense and immediate managemernibads needed.
Very High Has a high risk of extinction or extirpation. Populations of these species are
2 |Conservation |low levels, facing real threat(s), or occur within a very limited distribution.
Need Immediate management is needed for stalgtipn and recovery.
High Extinction or extirpation is possible. Populations of these species are in decli
3 |Conservation |have declined to low levels or are in a restricted range. Management action i
Need needed to stabilize or increase populations.
The species may be rare in parts of its range, particularly on the periphery.
Moderate Populations of these species have demonstrated a significant declining trenc
4 |Conservation |one is suspected which, if continued, is likely to qualify thisisgéeor a higher
Need tier in the foreseeable future. Lortgrm planning is necessary to stabilize or

increase populations.

According to the code of Virgini&pecial concern" means any species, on a list maintained by the VDGIF
director, which is restricteéh distribution, uncommon, ecologically specialized or threatened by other
imminent factors.

4.3 AnadromousFish Trout, and Other Significant Fisheries

There are no anadromous fish present within the planning region; however, the migratory catadromous
American eel is present. Game fish occur abundantly throughout the South Fork, North Fork, and
mainstemof the Shenandoah River and many of their tributaries. The following game fish are actively
sought through sport fishing during the seasons springugh fall: Rock bass, Smallmouth bass,

Largemouth bass, Green sunfish, Bluegill sunfish, Redbreast sunfish, and Pumpkinseed. In addition, trout
are native and others are stocked in thminstem North Fork, and South Fork of the Shenandoah River.
Rainbav trout occurs in thenainstem North Fork, and South Forks of the Shenandoah River. The South
Fork and North also have Brook trout and Brown trotihe Fisheries Division of VDGIF has identified all

of the reaches in this region as wild (ClaBg)lorstockable (Class V and VI) trout streams or as tributaries
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to wild trout streams.Local canoe and camping shops advertise periodic trout fishing events. Annual fly
fishing tournaments hosted in Page, Shenandoah and Warren Counties on tributaries tettam&oah
draw local and visiting sportsman.

The predominant fishes within the South Fork, North Fork,mathstemof the Shenandoah River
identified by the Virginia Polytechnic and State University are listed below:
(http://www.cnr.vt.edu/PLT/potomacshenandoah/aquaticinsects/fishoftheshenandoahriver)htm

e Mainstemof the Shenandoah River:

American eel
Banded Kkillifish
Margined madtom
Chanel catfish
Yellow ullhead
Brown bulhead
Rainbowtrout
Commoncarp
Centralstoneroller
Cutlipsminnow
Bluntnose minnow
Pearl dace
Longnose dace
Blacknose dace
Bluehead chub
Creekchub

River chub
Fallfish

Spotfin shiwer

Common shiner
Rosyface shiner
Comely shiner
Spottail shiner
Swallowtail shiner
Northern hogsucker
Shorthead redhorse
Mottled sculpin
Fantail darter
Tessellated darter
Rock bass
Smallmouth bass
Largemouth bass
Green sunfish
Bluegill sunfish
Redbreast sunfish
Pumpkinseed

South Fork of the Shenandoah RiveAll species present in theainstemof the Shenandoah River
(listed above) plus Brook trout, Brown trout, Satinfin shiner, and White sucker.

o North Fork of the Shenandoah Rivehil species present in thmainstemof the Shenandoah River (listed
above) plus Brook trout, Brown trougatinfin shiner, White sucker, Fathead minnow, and Greenside
darter.

4.4 State Scenic River segments and Significant Recreational Rivers

Throughout the Shenandoah watershed, opportunities are ubiquitous for canoeing, kayaking, and whitewater
rafting throughrentals, guided tours, and general recreation.

The Virginia DCR administers the Wild and Scenic River Program. In June 2009 the DCR issued a list of 24 scenic
river designations in Virginia. One reach of the Shenandoah River in the planning egedasvely designated

as a Virginia Scenic River. The Shenandoah River 21.6 mile section from the Warren/Clarke County line to the
state border between West Virginia and Virginia State is designated as scenic under legislation 2346 810.1

This sedbn of the river was originally designated in 1979, and extended in 1992. The DCR has identified two


http://www.cnr.vt.edu/PLT/potomacshenandoah/aquaticinsects/fishoftheshenandoahriver.htm
http://www.cnr.vt.edu/efish/families/anguillidae.html
http://www.cnr.vt.edu/efish/families/bandkill.html
http://www.cnr.vt.edu/efish/families/marmadtom.html
http://www.cnr.vt.edu/efish/families/channel.html
http://www.cnr.vt.edu/efish/families/yellbull.html
http://www.cnr.vt.edu/efish/families/yellbull.html
http://www.cnr.vt.edu/efish/families/longnosedace.html
http://www.cnr.vt.edu/efish/families/longnosedace.html
http://www.cnr.vt.edu/efish/families/blueheadchub.html
http://www.cnr.vt.edu/efish/families/creekchub.html
http://www.cnr.vt.edu/efish/families/riverchub.html
http://www.cnr.vt.edu/efish/families/spotfin.html
http://www.cnr.vt.edu/efish/families/shorthead.html
http://www.cnr.vt.edu/efish/families/fantaildart.html
http://www.cnr.vt.edu/efish/families/tessellated.html
http://www.cnr.vt.edu/efish/families/rockbass.html
http://www.cnr.vt.edu/efish/families/smallmouth.html
http://www.cnr.vt.edu/efish/families/smallmouth.html
http://www.cnr.vt.edu/efish/families/greensun.html
http://www.cnr.vt.edu/efish/families/bluegill.html
http://www.cnr.vt.edu/efish/families/redbreastsun.html
http://www.cnr.vt.edu/efish/families/pumpkin.html
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a Scenic River in Virginia (http://www.ddgrginia.gov/recreational_planning/documents/srmap.pdf). These two

segments include the North Fork in Shenandoah County from Burnshire Bridge (Route 788pteortiof

Strasburg and in Pag&arren Counties the segment of the South Fork of the Shenan&badr from Goodes Mill

to Overall. Five segments of the Shenandoah River located in the planning region were determined by DCR to
O2ylilAy at20SyidAlrt /2YLRYySyday LRSYGATASRencRero SAy3d g4:
These potentlly suitable scenic segments include: North Fork of the Shenandoah River from New Market to

Burnshire Bridge; Cedar Creek headwaters to its confluence with the North Fork; North Fork Shenandoah River

from its confluence with Cedar Creek to the town adfrRoyal; South Fork of the Shenandoah River from Port

Republic (upstream of the planning region) to Goodes Mill; and South Fork Shenandoah from Overall to the town

of Front Royal.

In order for a river be declared a National Wild and Scenic Rivakgstan act of Congress. There are no river
segments in the planning area designated as National Wild and Scenic.

Historic and Archaeological Resources

Huntsberry Farm Project (Shenandoah Valley Battlefields Foundaitmg largest historical siteithin the
planning region. Smaller archeologically and historically significant areas and distiwithin the Towns and
the City of WinchesterA complete listing of archeologically and historically significant areas is appended

(pending)

GeologicFormations
The area of the Shenandoah Valley was once under the ocean over 450 million years ago. The bones of the fish

and shells, rich in calcium, settled to the bottom of the ocean. Over time, these caicluheposits formed

rocks under the pressa of the water above creating dolomite and limestone sedimentary layers. Eventually the
ocean receded and the mountains were thrust up, approximately 300 million years ago. The mountains eroded
from water and weather and the streams drained into whakriswn as the Shenandoah River, carving the valley.
The resultant soils and rock formations on the Valley floor and along mountain sides contain much of the
limestone and dolomite. As water from runoff and precipitation contacts the limestone and delcmihemical
reaction occurs and the rock dissolves, creating a karst landscape. Karst is a landform feature created from the
dissolved rocks that can take the form of caves, caverns, sinkholes, seeps, springs, and ponures. These karst
features are ubigitous throughout the planning area. Karst landscapes have a direct and rapid interconnection
with the surface. Land use activities in karst areas have immediate impacts on water quality.

Another unique feature of the Valley is the fertile, well dia@soils. The area is ranked high in the state for
I INA Odzf  dzNB & ¢CKS FSNIAES +FttSe azata YIS {KSylFyR2l

It is important to note that a section of Clarke County has a sole source aquifer designatideP/Aleéines a

sole or principal source aquifer as one which supplies at least 50 percent of the drinking water consumed in the
area overlying the aquifer. EPA guidelines also stipulate that these areas can have no alternative drinking water
source(s) which coulphysically, legally, and economically supply all those who depend upon the aquifer for
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drinking water. For convenience, all designated sole or principal source aquifers are usually referred to simply as

bazt$s

45 Wetlands

Palustrine forestd, scrubshrub, and emergent wetlands constitute the wetland types within the planning area.
®{ ® CAaK NatiotalWetRrid IndedtorNS/NNZA I8y& @ds reviewed as laygsing a
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[ Deleted:

geographical information system. The overall wetlastimates from the NWI maps are presented below. In

general, the National Wetland Inventory estimated wetlands are considered to be an underestimate of wetland

acreages. In order to accurately assess wetland acreage, an ecological field investighienamphotographic
interpretation should be conducted.

Page County has the highest percentage of land in wetlands, with over 11% of the total land area in wetlands.
Over 7 % of the total land in Warren Couity

Wetland

Locality Acreage

Size (Sq | Locality | (Estmated from
Locality Size (Ac) | NWI maps)
Clarke County 178 113,920 4,086
Frederick County 416 266,240 1,914
Page County 314 200,960 22,550
Shenandoah County 513 328,320 8,693
Warren County 216 138,240 9,736
Winchester City 9 5,952 12

pSGtFyRa

YR Y2NB

QK y

0 dplz

27

wetlands. In Shenandoah County just over 2.6% of the land area is wetland. Less than one percent of the land
area in both Frederick County and the City of Winchester is wetlands

Wetlandsare vital for sustaining populations of fish and wildlife in the United States. They provide habitat for
approximately onethird of federallylisted plants and animals, and nesting, migratory and wintering areas for
more than 50 percent of the Nation's gratory bird species. Wetlands play an important role in water quality

improvement by nutrient removal. Wetland plants filter and trap sediments, thereby improving water quality.

Wetlands also have an important role in improving water quantity, sudtoad control. Groundwater fed
streams in the area are replenished and a wall of floodwater can be soaked up by wetland ecosystems if present

along riverbeds.

4.6

Riparian Buffers and Conservation Easements

The Virginia Department of Forestry hasre riparian buffersocated within the planning are@see

http://www.dof.virginia.gov/regCentral/shavg-rfb.shtm). In addition, the Natural Resources Conservation

Service (NRCS) Bmid Water Conservation District (SWCD), has worked with localities to plant vegetated buffers
through the Conservation Reserve Program (CRP), the Environmental Quality Incentives Program, and the state's

costshare program to increase riparian corridors.

/


http://www.dof.virginia.gov/regCentral/she-wq-rfb.shtml
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A conservation easement is a legal agreement between a landowner and a government agencpmmfihon
conservation organization that places permanent limits on the future development of the property in order to
protect the land. While often donated tigndowners, the County then has the opportunity through state grant
funding, to purchase one or more conservation easements from local landowners. Landowners who establish a
conservation easement permanently protect their land while retaining owneramipesjoyment of the property.
Landowners do not have to grant public access to conserved properties, and most conserved properties are
actively used for farming or as forestland. The establishment of conservation easements through the DCR, state
conservaion board / agency, or a local land trust such as the Virginia Department of Forestry, Virginia Outdoor
Foundation, Virginia Land Conservation Foundation Valley Conservation Council, Potomac Conservancy, or
Chesapeake Bay Foundation assist in acquiringneests for localities and private landowners. Land owners can
elect to place an easement on riparian areas without any incentive except for a federal income tax deduction and
local tax incentives. The land trust agency holds the easement.

Land protecteckither as a buffer or in an easement preserves habitats of ecosystems, provides connectively for
migrations, affords open spacgrovides livestock managemeahd improves water quality. Estimates of
preserved land, by acres, for each county within tlenping area are presented below.
e Clarke County3068 acres
Frederick Countyover 5,469 acres
Page County1,230 acres
Shenandoah Countyl,625 acres
Warren County over 5,034 acres

4.7 Land Use and Landob@er

The Shenandoah River drain837,690 acres of land. The watershed can be broken down into several land

uses. Forest and agricultural lands makg roughly 1,800,000 acres of watershed. The maximum elevation

within the watershed is 3,350 feet mean sea level. The minimum elevatB00ifeet mean sea level and

occurs at the confluence with the Potomac River. The Shenandoah River basin is composed of three sub basins
(8-digit United States Geologic Survey (USGS) Hydrologic Unit Codes (HUC)). The three sub basins are the South
Fork of he Shenandoah River (HUC 02070005), North Fork of the Shenandoah River (HUC 02070006), and the
Shenandoah River (HUC 02070007).

The data for this section is presented in the table belbased on Comprehensive Plans. It should be noted that
the land useclassifications are specific to each jurisdiction, and not necessarily transferrable

Locality Sq. Acres
miles
Frederick County 414.6 265,360.70
Winchester City 9.3 5,974.00




Clarke County 176.6 | 113,034.50
Warren County 213.7 136,766.70
Shenandoah Cay 512.2 | 327,811.10
Page County 311.1 199,120.00
Total NSV Region: 1,637.60| 1,048,067.20
Fed/State land 250 160,000
Clarke County Land Use:

LAND_USE SgMiles | Sum_ACRES
Developed 12.95 8288
Crop 36.6 23424
Edge 10.1 6464
Managed Natural 3.66 2342.4
Pasture 51 32640
Wooded 61.6 39424
Frederick County Land Use:

LAND_USE SgMiles | Sum_ACRES
Business 7.11 4553.37
Highway Commercial 0.17 105.63
Historic 2.88 1840.59
Industrial 10.60 6783.46
Institutional 0.47 301.67
Mixed-Use 1.16 745.29
Mobile Home Community 0.15 92.87
Mixed-Use Age Restricted 0.04 23.28
Mixed-Use Commercial Office 0.24 150.45
Mixed-Use Industrial Office 0.24 152.13
Neighborhood Village 0.18 114.78
Natural Resources & Recreatiol 2.00 128274
Open Space 0.03 16.12
Planned Unit Development 2.97 1899.99
Recreation 0.56 356.58
Residential 14.48 9267.65
Urban Center 0.76 485.78
Residential 14.5553 9315.41
Urban Center 0.75827 485.29
Agricultural 371.955 238051
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Winchester Land Us Sqg Miles| Sum_ACRES
High Residential 0.584 373.76
Medium Residential 14 896
Low Residential 15 960
Heavy Industrial 0.12 76.8
Light Industrial 11 704
Major Commercial 1.14 729.6
Major Institutional 0.49 313.6
Park/Open 0.62 396.8
Public 0.33 211.2
Residential/Office 0.15 96
Special MixUse 0.114 72.96
Page County Land Use:

LAND_USE SqMiles | Sum_ACRES
Primary Community 3.21669 2,058.68
Secondary Community 8.72842 5,586.19
Towns 8.47256 5,422.44
Agricultural 144.186 92,279
Enironmental Protection 111.863 71,592
Shenandoah Land Use:

LAND_USE SqMiles | Sum_ACRES
Residential 97.56 62,440
Commercia(mixed uses) 8.96 5,740
Industrial 1.9 1,220
Agricultural (cropland, etc.) 150.97 96,623
e e
Major Institutional 1.91 1,223
Warren County Land Use:

LAND_USE SgMiles| Sum_ACRE
Residential 18.49 11,836
EZT;?r?arrla(mlxed uses) & 36 2.306
Agricultural (cropland, etc.) 140.22 | 89,744
Open Space (wooded, barren, | 34.41 22,024

38



39

state and national parks, etc.) |

4.8 Impaired Streams

Two legacy contaminants are in the Shenandoah Rinercury andPolychlorinated biphenols (PQBS his
background section summaries the history of hmercury and PCBsere introduced into the river. A listing of
all TMDL stream segments follows.

History:
PCB Contamination:

PCBs are one of two legacy contaminants threatening the quality of the Shenandoah River. PCBs consist of 209
chemical compounds (coegers) that were sold under various trade names. PCBs accumulate in the fatty tissue
and are considered highly toxic probable carcinogens. PCBs were outlawed in the 1970s in the U.S.

Avtex Fibers rayon plant (manufacturing site on-44@es in Front Royalwas asource of leaking PCBs into the
Shenandoah River. After manufacturing rayon, polyester, and polypropylene fibers for commercial, defense, and
space industries for more than 45 years, Avtex Fibers (and previous owners) closed in 1989. InGlukhee©8
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The contamination discovered at the Avtex Fibers site was of such magnitude and complexity that the
area has been the subject of a number of removdhreement, and longerm cleanup actions. Tons of

rayon manufacturing wastes and 4pyoducts, zinc hydroxide sludge, and fly ash and boiler room solids

were disposed of on site in 23 impoundments and fill areas encompassing 220 acres. Waste disposal
practices at the plant contaminated the groundwater under the site and in residential wells across the

river from the site. The principle contaminants found in the groundwater were carbon disulfide, ammonia,
arsenic, antimony, phenol and high pH. Arsenic, laad,PCBs have been found in soils. PCBs associated
with the plant were detected in the Shenandoah River. When the plant closed in 1989, the community was
left to contend with severely contaminated land and water.

Currently, the former Avtex site has underg extensive remediation; however, the legacy of PCBs remains as a
contaminant in the river. Avtex site was one of ten sites selected by EPA as a pilot Superfund Redevelopment
Initiative with the goal of returning the site to productive use.

IN1989, V@A YAl AadaadzsSR I &aR2 y2i0 Sl (ndaindteREnhknartioad Riverand | £ £ & LIS
portions of the North and South Forks of the Shenandoah. Because of this fish consumption advisory, the
{KSYFYR2FK WA@GSNI 6Fa {33l SRARFAVRIEE tmdBERYASQ&EA2YRoAO
The river is listed for other impairments as well. Two segments of the Shenandoah River measuring
FLIIUNBEAYF GSf& nu AGNBIFY YAt Sa Ay £ Sy3aikgmerd hBNoftth 8 G0 SR 3
Fork of the Shenandoah River running from Passage Creek to its influence with the South Fork of the Shenandoah
River, measures 5.33 miles in length. The second segment, composed of the South Fork of the Shenandoah River
and themainstemof the Shenandoah River, measures 36.45 miles in length. A third segment of the Shenandoah
WAGSNI gla tAaAaGSR 2y 2S5Sad zANBAYAlIQa mopdy {SOGA2y ono



40

Mercury Contamination:

In addition to PCBs, the second legacy contaminant threatening water gisatitgrcury. From 1929 to 1950, a

DuPont textile plant, located in the headwaters of the South Fork in Waynesboro, discharged mercury waste into

the South River. Mercury subsequently contaminated the South Fork of the Shenandoah Riveingtem of

the Shenandoah River, and the floodplains along the three rivers. A 2009 USGS study of mercury contamination
revealed that 96 percent of the mercury loads to the South River come from soil contaminated by this textile

plant, are continuing to contaminate seNdgd t { KSy I yR2F K | ff S8 NAGSNE F 4 | NI
K @SINE Ayld2 GKS {2dz2iK wA@BSNI 6! {D{=ZX 933ftSaG2y3 HnndO

TMDL Stream Segments:

The following list provides a summary of each TMDL stream segment within the planning region and the
causes) of impairment, river miles, and lation.

South Fork Shenandoah River

Location: South Fork Shenandoah River from its confluence with North and South Rivers downstream to its confluence
with Hawksbill Creek. (Start Mile: 100.97 End Mile: 41.98 Totalitegp&ize: 58.99 Miles)

City / County in Planning Area: Page Co.

Impairment = Escherichia coli

Impairment =Benthics on South Fork Shenandoah River from its confluence with North and South Rivers downstream to
its confluence with Hawksbill Creek. (Staitév100.97 End Mile: 41.98 Total Impaired Size: 58.99 Miles)

Naked Creek (In process of getting delisted due to natural causes of impairment, mountainside sloughing)
Location: Naked Creek including the East Branch from the headwaters downstream tdfliieiece with the South Fork
Shenandoah River. (Start Mile: 12.44 End Mile: 0.00 Total Impaired Size: 12.44 Miles)

City / County in Planning Area: Page Co.

Impairment = Benthidacroinvertebrate Bioassessments

Cub Run

Location: Cub Run originating dmeteast side of the Massanutten Mountain from the headwaters downstream to its
confluence with the South Fork Shenandoah River. (Start Mile: 9.62 End Mile: 0.00 Total Impaired Size: 9.62 Miles)
City / County in Planning Area: Page Co

Impairment = Eschettiga coli

Line Run

Location: Line Run from the headwaters downstream to its confluence with Honey Run. (Start Mile: 3.9 End Mile: 0.00
Total Impaired Size: 3.9 Miles)

City / County in Planning Area: Page Co.
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Impairment = Escherichia coli

Honey Run

Locdion: Honey Run from the headwaters downstream to its confluence with the South Fork Shenandoah River. (Start
Mile: 4.53 End Mile: 0.00 Total Impaired Size: 4.53 Miles)

City / County in Planning Area: Page Co.

Impairment = Escherichia coli

Mill Creek

Location: Mill Creek from the headwaters downstream to its confluence with the South Fork Shenandoah River. (Start
Mile: 6.74 End Mile: 0.00 Total Impaired Size: 6.74 Miles)

City / County in Planning Area: Page Co.

Impairment = Escherichia coli

Big Run

Location: Big Run from the headwaters downstream to its confluence with the South Fork Shenandoah River. (Start Mile:
5.4 End Mile: 0.00 Total Impaired Size: 5.4 Miles)

City / County in Planning Area: Page Co.

Impairment = Escherichia coli

Lake ArrowheadNo TMDLg due to natural conditions of lake stratification)
Location: Lake Arrowhead (Total Impaired Size: 36.07 Acres)

City / County in Planning Area: Page Co.

Impairment = Oxygen, Dissolved

Pass Run

Location: Pass Run from the headwaters downstreaiitstconfluence with Hawksbill Creek. (Start Mile: 9.07 End Mile:
0.00 Total Impaired Size: 9.07 Miles)

City / County in Planning Area: Page Co.

Impairment = Escherichia coli

Hawksbill Creek

Location: Hawksbill Creek from the headwaters downstreanmstadnfluence with the South Fork Shenandoah River.
(Start Mile: 19.23 End Mile: 0.00 Total Impaired Size: 19.23 Miles)

City / County in Planning Area: Page Co.

Impairment = Escherichia coli

12 milesg temperature impairment

East Hawksbill Creek
Location:East Hawksbill Creek from the headwaters downstream to its confluence with Hawksbill Creek. (Start Mile:
9.13 End Mile: 0.00 Total Impaired Size: 9.13 Miles)
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City / County in Planning Area: Page Co.
Impairment = Escherichia cdienthicMacroinvertebrae Bioassessments

Rocky Branch

Location: Rocky Branch from the headwaters downstream to its confluence with Pass Run. (Start Mile: 4.18 End Mile:
0.00 Total Impaired Size: 4.18 Miles)

City / County in Planning Area: Page Co.

Impairment = pH

Jeremys Rn

Location: Jeremys Run from the headwaters downstream to its confluence with the South Fork Shenandoah River. (Start
Mile: 10.94 End Mile: 0.00 Total Impaired Size: 10.94 Miles)

City / County in Planning Area: Page Co.

Impairment = pH

South River/SouttFork Shenandoah River/North Fork Shenandoah

River/Shenandoah River

Location: South River from the INVISTA discharge downstream (inclusive of the entire South Fork Shenandoah River and
North Fork Shenandoah River from its confluence with Passage Creektdmmmso its confluence with the South Fork
Shenandoah River) to the Shenandoah River's confluence with Craig Run. (Start Mile: 163.27 End Mile: 8.16 Total
Impaired Size: 155.11Miles)

City / County in Planning Area: Page Co., Warren County

Impairment = Mecury

South Fork Shenandoah River

Location: South Fork Shenandoah River from its confluence with North and South Rivers downstream to its confluence
with Hawksbill Creek. (Start Mile: 100.97 End Mile: 41.98 Total Impaired Size: 58.99 Miles)

City / Countyin Planning Area: Page Co.

Impairment = Escherichia coli

Location: South Fork Shenandoah River from its confluence with North and South Rivers downstream to its confluence
with Hawksbill Creek. (Start Mile: 100.97 End Mile: 41.98 Total Impaired SizeM5ig9)

For Impairment = Benthidacroinvertebrate Bioassessments

Cedar Creek

Location: Cedar Creek from its confluence with Fall Run downstream to its confluence with Stickley Run. (Start Mile:
17.87 End Mile: 3.68 Total Impaired Size: 14.19 Miles)

City/ County in Planning Area: Frederick (Shenandoah Co.

Impairment = Escherichia coli

Crooked Run
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Location: Crooked Run excluding the tributary feeding the east arm of Lake Frederick from the headwaters downstream
to its confluence with the Shenandoaiv&. (Start Mile: 8.87 End Mile: 0.00 Total Impaired Size: 8.87 Miles)

City / County in Planning Area: Frederick, @éarren Co.

Impairment = Escherichia coli, Dissolved Oxygen

Stephens Run

Location: Stephens Run from an unnamed tributary .95 miles esstrof Crooked Run downstream to its confluence
with Crooked Run. (Start Mile: .95 End Mile: 0.00 Total Impaired Size: .95 Miles)

City / County in Planning Area: Frederick Co.

Impairment = Oxygen, Dissolved

Little Isaacs Creek

Location: Little Isaacs Cle&rom the Timber Ridge School STP downstream (including an unnamed tributary originating
near Reynolds Store) to its confluence with Isaacs Creek. (Start Mile: 9.53 End Mile: 0.00 Total Impaired Size: 9.93 Miles)
City / County in Planning Area: Frede@xx

Impairment = Escherichia coli

Hogue Creek

Location: Hogue Creek from the headwaters downstream to its confluence with Back Creek. (Start Mile: 16.76 End Mile:
0.00 Total Impaired Size: 16.76 Miles)

City / County in Planning Area: Frederick Co.

Impairments = Escherichia coli, Temperature

Babbs Run

Location: Babbs Run from the headwaters downstream to its confluence with Back Creek. (Start Mile: 11.46 End Mile:
0.00 Total Impaired Size: 11.46 Miles)

City / County in Planning Area: Frederick Co.

Impairment = Fecal Coliform

Opequon Creek

Location: Opequon Creek and its tributaries from the headwaters downstream to its confluence with Abrams Creek.
(Start Mile: 57.47 End Mile: 32.66 Total Impaired Size: 24.81 Miles)

City / County in Planning Area: Fredkr@o.

Impairment = Escherichia coli

Abrams Creek

Location: Abrams Creek from the headwaters downstream to its confluence with Opequon Creek. (Start Mile: 10.8 End
Mile: 0.00 Total Impaired Size: 10.8 Miles)

City / County in Planning Area: Frederick Co.

Impairment = Escherichia coBenthicMacroinvertebrate Bioassessments
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Opequon Creek

Location: Opequon Creek from its confluence with Abrams Creek downstream to the VA/WV state line. (Start Mile:
32.66 End Mile: 23.56 Total Impaired Size: 9.1Miles)

City /County in Planning Area: Frederick Co.

Impairment = Escherichia cdienthicMacroinvertebrate Bioassessments

Lick Run

Location: Lick Run (also known as Hiatt Run) from its headwaters downstream to its confluence with Opequon Creek.
(Start Mile: 8.85 EnMlile: 0.00 Total Impaired Size: 8.85 Miles)

City / County in Planning Area: Frederick Co.

Impairment = Escherichia coli

Redbud Run

Location: Redbud Run and tributary from the headwaters downstream to its confluence with Opequon Creek. (Start
Mile: 8.05 Bd Mile: 0.00 Total Impaired Size: 8.05 Miles)

City / County in Planning Area: Frederick Co.

Impairments = Escherichia c@ienthicMacroinvertebrate Bioassessments

South River/South Fork Shenandoah River/North Fork Shenandoah

River/Shenandoah River

Locdion: South River from the INVISTA discharge downstream (inclusive of the entire South Fork Shenandoah River and
North Fork Shenandoah River from its confluence with Passage Creek downstream to its confluence with the South Fork
Shenandoah River) to the &andoah River's confluence with Craig Run. (Start Mile: 163.27 End Mile: 8.16 Total

Impaired Size: 155.11 Miles)

City / County in Planning Area: Page Co., Clarke Co., Warren Co.

Impairment = Mercury

South Fork Shenandoah River/North Fork Shenandoah

RiverShenandoah River

Location: South Fork Shenandoah River from the Rivermont Drive Bridge downstream to the VA/WYV state line on the
Shenandoah River (inclusive of the North Fork Shenandoah River from its confluence with Passage Creek downstream to
its conflience with the South Fork Shenandoah River). (Start Mile: 51.10 End Mile: 0.00 Total Impaired Size: 51.10 Miles)
City / County in Planning Area: Clarke Co. Warren Co.

Impairment =PCB

Happy Creek

Location: Happy Creek from the headwaters downstreamstednfluence with the South Fork Shenandoah River. (Start
Mile: 8.42 End Mile: 0.00 Total Impaired Size: 8.42 Miles)

City / County in Planning Area: Warren Co.

Impairment =BenthicMacroinvertebrate Bioassessments
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Holmans Creek

Location: Holmans Creelofn the headwaters downstream to its confluence with the North Fork Shenandoah River.
(Start Mile: 10.42 End Mile: 0.00 Total Impaired Size: 10.42 Miles)

City / County in Planning Area: Shenandoah Co.

Impairment =Escherichia colBenthicMacroinvertebrate

North Fork Shenandoah River

Location: North Fork Shenandoah River from its confluence with Turley Creek downstream to its confluence with Stony
Creek. (Start Mile: 92.61 End Mile: 60.75 Total Impaired Size: 31.86 Miles)

City / County in Planning Aregheé®andoah Co.

Impairment =Escherichia colBenthicMacroinvertebrate

Mountain Run/Smith Creek/War Branch

Location: Mountain Run from the headwaters downstream to its confluence with Smith Creek; Smith Creek from the
headwaters downstream to its confluea with the North Fork Shenandoah River; War Branch from the headwaters
downstream to its confluence with Smith Creek. (Start Mile: 5.98, 33.83, 6.81 End Mile: 0.00, 0.00, 0.00 Total Impaired
Size: 5.98 Miles, 33.83 Miles, 6.81 Miles)

City / County in Plaring Area: Shenandoah Co.

Impairment = Escherichia coli

Smith Creek

Location: Smith Creek from the Shenandoah Fisheries outfall downstream to its confluence with the North Fork
Shenandoah River. (Start Mile: 25.19 End Mile: 0.00 Total Impaired Siz@\ifes)

City / County in Planning Area: Shenandoah Co.

Impairment = BenthidMacroinvertebrate Bioassessments

Mill Creek

Location: Mill Creek from the headwaters downstream to its confluence with the North Fork Shenandoah River. (Start
Mile: 15 End Mé: 0.00 Total Impaired Size: 15 Miles)

City / County in Planning Area: Shenandoah Co.

Impairment = Fecal ColiforrBenthicMacroinvertebrate Bioassessments

Crooked Run

Location: Crooked Run from the headwaters downstream to its confluence with Mill.G8takt Mile: 3.89 End Mile:
0.00 Total Impaired Size: 3.89 Miles)

City / County in Planning Area: Shenandoah Co.

Impairment = BenthidVlacroinvertebrate Bioassessments

Stoney Creek
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Location: Stony Creek from its confluence with Foltz Creek downstre#mdonfluence with the North Fork
Shenandoah River. (Start Mile: 17.04 End Mile: 0.00 Total Impaired Size: 17.04 Miles)

City / County in Planning Area: Shenandoah Co.

Impairment = Escherichia coli

Impairment = BenthidMacroinvertebrate BioassessmentsStony Creek from the Georges Chicken discharge
downstream to its confluence with the North Fork Shenandoah River.
(Start Mile: 5.76 End Mile: 0.00 Total Impaired Size: 5.76 Miles)

Laurel Run

Location: Laurel Run from its confluence with an unnamed taityunear USFS Road 252 downstream to its confluence
with Stony Creek. (Start Mile: 3.72 End Mile: 0.00 Total Impaired Size: 3.72 Miles)

City / County in Planning Area: Shenandoah Co.

Impairment = Benthidacroinvertebrate Bioassessments

Little StonyCreek

Location: Little Stony Creek from the headwaters downstream to its confluence with an unnamed tributary near USFS
Road 92. (Start Mile: 3.24 End Mile: 0.00 Total Impaired Size: 3.24 Miles)

City / County in Planning Area: Shenandoah Co.

Impairment = BenthicMacroinvertebrate Bioassessments

Stony Creek

Location: Stony Creek from the headwaters downstream to its confluence with Foltz Creek. (Start Mile: 26.49 End Mile:
17.04 Total Impaired Size: 9.45 Miles)

City / County in Planning Area: ShenandGah

Impairment = Temperature

Toms Brook

Location: Toms Brook from the headwaters downstream to its confluence with the North Fork Shenandoah River. (Start
Mile: 7.18 End Mile: 0.00 Total Impaired Size: 7.18 Miles)

City / County in Planning Area: Shedaah Co.

Impairments = Benthidacroinvertebrate Bioassessments

Narrow Passage Creek

Location: Narrow Passage Creek from the headwaters downstream to its confluence with the North Fork Shenandoah
River. (Start Mile: 10.75 End Mile: 0.00 Total Impairee: 3i2.75 Miles)

City / County in Planning Area: Shenandoah Co.

Impairments = Escherichia coli

Pughs Run
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Location: Pughs Run from the headwaters downstream to its confluence with the North Fork Shenandoah River. (Start
Mile: 5.86 End Mile: 0.00 Total Impedl Size: 5.86 Miles)

City / County in Planning Area: Shenandoah Co.

Impairments = Escherichia coli

Tumbling Run

Location: Tumbling Run from the headwaters downstream to the 5 mile upper limit of the PWS designation for the
Strasburg Public Water IntakgStart Mile: 5.05 End Mile: .9 Total Impaired Size: 4.15 Miles)

City / County in Planning Area: Shenandoah Co.

Impairments = Escherichia coli

North Fork Shenandoah River

Location: North Fork Shenandoah River from its confluence with Passage Creekrdamirtstits confluence with the
South Fork Shenandoah River. (Start Mile: 5.29 End Mile: 0.00 Total Impaired Size: 5.29 Miles)

City / County in Planning Are&‘arren Co.

Impairment = Escherichia coli

Orndorff Spring Branch

Location: Orndorff Spring Branéfom the spring downstream to its confluence with Cedar Creek. (Start Mile: .23 End
Mile: 0.00 Total Impaired Size: .23 Miles)

City / County in Planning Area: Shenandoah Co.

Impairment = BenthidMacroinvertebrate Bioassessments

Cedar Creek

Location: Cedr Creek from the headwaters downstream to a spring branch near Van Buren Furnace (Start Mile 21.07
End Mile 18.54 Total Impaired Area: 2.53 Miles)

City / County in Planning Area: Shenandoah Co.

Impairment = Benthidacroinvertebrate Bioassessments

CedarCreek

Location: Cedar Creek from its confluence with Fall Run downstream to its confluence with Stickley Run. (Start Mile:
17.87 End Mile:3.68 Total Impaired Size: 14.19 Miles)

City / County in Planning Area: Frederick Co. Shenandoah Co.

Impairment = Esdrichia coli

Passage Creek

Location: Passage Creek from its confluence with Peters Mill Run downstream to its confluence with the North Fork
Shenandoah River. (Start Mile:18.47 End Mile: 0.00 Total Impaired Size: 18.47 Miles)

City / County in Planning éa: Shenandoah Co.

Shenandoah Co. Warren Co.

Impairment = Escherichia coli
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Manassas Run

Location: Manassas Run from the headwaters downstream to its confluence with the Shenandoah River. (Start Mile:
9.15 End Mile: 0.00 Total Impaired Size: 9.15 Miles)

Gty / County in Planning Area: Warren Co.

Impairment = Fecal Coliform

Borden Marsh Run

Location: Borden Marsh Run and tributaries from the headwaters downstream to its confluence with the Shenandoah
River. (Start Mile: 9.46 End Mile: 0.00 Total ImpaB&k: 9.46 Miles)

City / County in Planning Area: Clarke, @éarren Co.

Impairment = Escherichia coli

Willow Brook

Location: Willow Brook from the headwaters downstream to its confluence with the Shenandoah River. (Start Mile: 3.95
End Mile: 0.00 Totahipaired Size: 3.95 Miles)

City / County in Planning Area: Warren Co.

Impairment = Escherichia coli

Crooked Run

Location: Crooked Run excluding the tributary feeding the east arm of Lake Frederick from the headwaters downstream
to its confluence with th&Shenandoah River. (Start Mile: 8.87 End Mile: 0.00 Total Impaired Size: 8.87 Miles)

City / County in Planning Area: Frederick @¢arren Co.

Impairment = Escherichia coli

Crooked Run

Location: Crooked Run excluding the tributary feeding the east &imale Frederick from the headwaters downstream
to its confluence with the Shenandoah River. (Start Mile: 8.87 End Mile: 0.00 Total Impaired Size: 8.87 Miles)

City / County in Planning Area: Frederick @¢arren Co.

Impairment = Oxygen, Dissolved

Stephers Run

Location: Stephens Run from an unnamed tributary .95 miles upstream of Crooked Run downstream to its confluence
with Crooked Run. (Start Mile: .95 End Mile: 0.00 Total Impaired Size: .95 Miles)

City / County in Planning Area: Frederick Co.

Impairment= Oxygen, Dissolved

Crooked Run Xrib
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Location: Crooked Runtib from the headwaters downstream to its confluence with Crooked Run. (Start Mile: .09 End
Mile: 0.00 Total Impaired Size: .09 Miles)

City / County in Planning Area: Warren Co.

Impairment =Oxygen, Dissolved

Page Brook Run/Spout Run

Location: Page Brook Run from the headwaters downstream to its confluence with Roseville Run; Spout Run from its
confluence with Page Brook Run downstream to its confluence with the Shenandoah River. (8t88178jl3.70 End

Mile: 0.00, 0.00 Total Impaired Size: 8.78 Miles, 3.70 Miles)

City / County in Planning Area: Clarke Co.

Impairment = Fecal Coliform

Spout Run

Location: Spout Run from its confluence with Page Brook Run downstream to its confluentieev8henandoah River.
(Start Mile: 3.70 End Mile: 0.00 Total Impaired Size: 3.70 Miles)

City / County in Planning Area: Clarke Co.

Impairment = BenthidMacroinvertebrate Bioassessments

Long Branch

Location: Long Branch from the headwaters downstrearitstoonfluence with the Shenandoah River. (Start Mile: 3.63
End Mile: 0.00 Total Impaired Size: 3.63 Miles)

City / County in Planning Area: Clarke Co.

Impairment = Escherichia coli

Chapel Run

Location: Chapel Run and tributaries from the headwaters dawam to its confluence with the Shenandoah River.
(Start Mile: 9.44 End Mile: 0.00 Total Impaired Size: 9.44 Miles)

City / County in Planning Area: Clarke Co.

Impairment = Escherichia coli

Chapel Run

Location: Chapel Run and tributaries from the headwstiownstream to its confluence with the Shenandoah River.
(Start Mile: 9.44 End Mile: 0.00 Total Impaired Size: 9.44 Miles)

City / County in Planning Area: Clarke Co.

Impairment = Benthidvilacroinvertebrate Bioassessments

Dog Run

Location: Dog Run from ¢hheadwaters downstream to its confluence with the Shenandoah River. (Start Mile: 4.80 End
Mile: 0.00 Total Impaired Size: 4.80 Miles)

City / County in Planning Area: Clarke Co.

Impairment = Escherichia coli
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Wheat Spring Branch
Location: Wheat Spring Braln from the headwaters downstream to its confluence with the Shenandoah River. (Start
Mile: 4.31 End Mile: 0.00 Total Impaired Size: 4.31 Miles)
City / County in Planning Area: Clarke Co.
Impairment = Escherichia coli
Reference; State Water Control Board
http://townhall.virginia.gov/L/GetFile.cfm?File3ownhalldocroot 10315932876 Text DEQ 2876 v2.pdf

4.9 Point Source Discharges

Significant point sources of discharges into the Shenandoah River include permitted activities through the DEQ
Virginia Pollutant Discharge Elimination System (VPDES) permit pragchtie three sanitary landfills located in
planning area. The landfills dozated in Page County (serving Page and Warren Counties), Frederick County
(serving Frederick and Clarke Counties and the City of Winchester), and Shenandoah BE@ntgaintains a list

of all "major" dischargers, a distinction based on discharge dtysentd content.

DEQ administers the VPDES permit program, under the State Water Cont@MZA&s/ 2881 as mandated by

Section 4Q of the Clean Water Act. Other point source discharges are administered through the EPA's Phase 1
(11/16/90) and Phase 2 (12/8/99) storm water regulations, and pending Virginia stormwater regulations to be
managed by both DCR and the DEQ.

4.10 Potential Threts to Water Quantity and Quality

As stated earlier te two legacy contaminants in the soils of the Shenandoah River include mercury and PCB
contamination. In early December 2009, the U.S. Geological Survey released a report sumnearitamginated

riverbank and floodplain soils as the main sourcenefcuryfound in fish in several Shenandoah Valley rivers.

The study found that 96 percent of the mercury loads to the South RivefN& 6 dzi  NBE 2 F GKS { KSyl
South Fork, are from soil that was contaminated between 1929 and 1950 by a textile manufacturing plant in
Waynesboro, Va.

The discharged mercury waste contaminated the South River and eventually the South Fork ehtdred8hh
River, the Shenandoah River and the floodplains along all three rivers. In the report, USGS estimates that about
416 pounds of mercury get into the South River annually.

Nonpoint sources of pollution pose a threat to water quality includinigaur sprawl and associated runoff. In
addition, agriculture, a predominant land use throughout the planning area poses threats to water quality with
runoff, livestock in rivers, and use of fertilizers, pesticides, and herbicides. Deforestation is dathase in

the area that threatens to adversely impact adjacent streams and their quality of water.


http://townhall.virginia.gov/L/GetFile.cfm?File=E:/townhall/docroot/103/1593/2876/Text_DEQ_2876_v2.pdf
http://www.deq.virginia.gov/export/sites/default/vpdes/pdf/9VAC25-31-VPDESPermitRegulation.pdf
http://www.chesapeakebay.net/mercury.aspx?menuitem=19488
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Another potential threat tagroundwaterquality in theregion is significant petro release sites. DEQ maintains a

database from data gathered during mitoring of these significant petro release sites. Various remediation

measures have been implemented including no action to pwmipabatement with extensive monitoring of

plume and substitution of water supplies for potentially contaminated wells sumding petro release sites. Per

59vQa RFGIFIOF&ASET GKS 1 NBSNI LISGNR NBfSIHaS aadasSa Ay GK¢
Page County Hope Mills Country Store

Clarke County White Post south of Boycéremediated)

Frederick County Flying J truck stop

Warren Couty ¢ Northern Virginia 4H Center

Shenandoah County{ KSy I yR2I K /| @gSNya {KSttT {KSSGT Ttnm ¢NHzO| |
ldzi2 tIFNGAT 2Ff1SNDR& /FaAK DNRBROSNET 9YYEFENI hAaft . dzZ 1 tf
BrotheQd 9EE2YT FyR |1 2f3aAy3aSNI/ KSONRBY D

Aboveground, and underground storage tanks (ACTs and USTSs) listed in DEQ database indicate numerous
storage tanks within the planning area. If the integrity of the storage tank is compromised, threats to water

quality may result. Proposed development in all counties can adversely impact future water quantity through
increased demand. For example, the proposed Cloverbud projects in Page County that include industrial as well
as secondary residential infrastructure exgams, may impact water quality and quantity. Efforts will be taken

to adhere to state and local regulations during construction and maintenance to minimize impacts posed to the
quality of receiving water bodies.

Another threat to water quality is thegtential for hydrofracking for natural gas in the planning region. Although
the Marcellus shale within the planning area is not as productive in natural gas as areas to the west and south,
the proximity to the Tennessee Valley Transmission Main pipelademtapping into local gas wells attractive.

The Marcellus areas in the Northern Shenandoah Valley are primarily located within the western portion of
Frederick and Shenandoah Counties. Permits for exploratory wells have been issued in these twes batint
exploratory drilling has occurred to date. In the event a permit is issued by the Virginia Department of Mines,
Mineral and Energy for a natural gas well site, the planning commission will work closely with the locality to
develop ordinances tbelp protect water quality and quantity.
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5.0 Projected Water Demand

Future water demand projections wepgojected forcommunity water sources and small self supplied wells in
the Northern Shenandoah Valley planning rediased on population forects Future large self supplied users
wasalsoestimated and is presented in this sectioDisaggregated water use by community system is presented
asdata wasavailable. It is noted that the time of preparation of this regional Water Supply Plan,esom
disaggregated water use data was not available for all jurisdictionsteamdfore was not presenteah this Plan.

5.1 Population Data

The technical water supply advisory committee selected to look at a thirty year planning horizon for the water
supplyplan. The 2010 U.S. Census data became availahledduring the preparation of this Northern
Shenandoah Valley Regional Water Supply Plan and were included in the calculations. Therefore, the 30 year
planning horizon was estimated from 2010 projeagusingthe most current growth data availabte 2040

The population is presented by decades for the region. The 2020 and 2030 County population projections were
availablefrom the Virginia Employment Commission déféeldon Cooper Igute, Universty of Virginia).For

the City of Winchester and five counties of Clarke, Frederick, Page, Shenandoah, and Wafutarehe

population was calculated using a scatter plot of Census data for each locality for 2000 and 2010, Virginia
Employment Commissigorojection for 2020 and 2030 and a straight line projected out to 2040. The Northern
Shenandoah Valley Regional Planning Commission staff met with each County and respectiseahidviné

City of Winchester to best determine projected growth corridansl future population projections to allocate
County population growth into the Towns. The projected growth corridors and future service areas were also
discussed. The projections in the table below reflect the population projections assessed framsdisns with

the localities.
NSRVC Water Supply Plan: Population & Projections
Avg. % of
County
% County Population
Decennial Census Count Projected Population* Population 20002010
County Town 1970 1980 1990 2000 2010 2020 2030 | 2040" | 2000 | 2010
Chrke County 8,102 | 9,965 | 12,101 | 12,652 | 14,034 | 18,320 | 21,230 | 26,027
Berryville 2,963 | 4,185 | 4,877 | 5,651 | 6,928 | 23.4%| 29.8%| 26.6%
Boyce 426 589 693 803 984 3.4% | 4.2% 3.8%
Frederick County 28,893| 34,150| 45,723 | 59,209 | 78305 | 95,648 | 114,539| 142,853
Middletown 1,015 1,265 1,626 1,947 2,428 1.7% | 1.6% 1.7%
Stephens City
(Town) 1,146 | 1,829 | 2,009 | 2,405 | 3,000 | 1.9% | 2.3% 2.1%




53

Page County 16,581 | 19,401 | 21,690 | 23,177 | 24,042 | 25,659 | 27,038 | 28,59
Luray 4871 | 4895 | 5311 | 5597 | 5908 | 21.0%| 20.4%| 20.7%
Shenandoah
(Town) 1,878 | 2,373 | 2,309 | 2433 | 2,568 | 8.1% | 9.9% | 9.0%
Stanley 1,326 | 1,680 | 1,642 | 1,730 | 1,826 | 5.7% | 7.0% | 6.4%
Shenandoah County 22,852 | 27,559 | 31,636 | 35075 | 41,993 | 49,427 | 56,927 | 66,906
Edinburg 813 | 1,041 | 1,186 | 1,366 | 1,606 | 2.3% | 25% | 2.4%
Mount Jackson 1,664 | 1,994 | 2,323 | 2676 | 3,145 | 4.7% | 4.7% | 4.7%
New Market 1,637 | 2,146 | 2,422 | 2,789 | 3278 | 4.7% | 51% | 4.9%
Strasburg 4017 | 6,398 | 7,573 | 8,963 | 10,609 | 11.5%| 15.2%| 13.4%
Toms Brook 255 258 345 398 468 0.7% | 0.6% 0.7%
Woodstock 3952 | 5007 | 5783 | 6,660 | 7,828 | 11.3%| 12.196] 11.7%
Warren County 15,301 | 21,200 | 26,142 | 31,584 | 37,575 | 45,722 | 53,002 | 65,143
Front Royal (1) 13,589 | 14,440 | 16,069 | 17,543 | 19,954 20.0%
Front Royal (2) 13,589 | 14,440 | 19,660 | 22,830 | 28,011 | 43.0%| 38.4%|  40.7%
Winchester (City) | 14,643 | 20,210 | 21,947 | 23585 | 26,203 | 29,339 | 32,485 | 36,571 |
Region (Total) | 106,372] 132,485 159,239] 185,282 222,152] 264,115 305,311/ 366,039

Notes:
*Projected using US Census 19@L0 and Virginia Employment Commission (2020, 2030) for extrapolated straightline projection from 2000 to 2030

2040 population estimated using % change 2000 to 2030

Population estimates for Mount Jackson, New Market, Strasburg and Woodstock in Shenandoah County include an additioopc2@ddyture growth rate increase
Front Royal (1) Assume8% of the County population resides within the town

Front Royal (2) assumes trend of average % of county populatiorZ0ID

5.2 Projected Water Demand

The projected populatiopresented in 5.1, above, forms the basis for the residggntater consumption rates.
Municipalities served by public and private community water systems were estimated to remain at the same
capacity. Future population increases were compared to existing infrastracutre of the public and private
community wate systems. It should be noted that improvements to existing infrastructure could often increase
the yield of water supply available to consumers. As localities upgrade their systems, the northern Shenandoah
Valley Regional Water Supply Plan will be esVi® include increases in water supplies.

The community water systems that supply each jurisdiction also supply total demand in other water uses in
addition to residential consumption. When available, water use was provided in separate disaggregated
categories reflecting use and demand in areas of residential, commercial (institutional and light industrial), heavy
industrial, water used in production processes, unaccounted for water losses, sales to other community water
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systems/localities, and othern the future, a locality may choose to project the water demand for the
nonresidential uses (commercial, light industrial, heavy industrial, production processes, unaccounted for losses,
sales, etc.) by applying the annual average percent change in emgaddyrom 2000 to 2010 to the current

demand for each category.

Peaking factors were evaluated when looking at the projected water demands. When a locality did not provide a
peak monthly demand, a peaking factor of fvas assumed.

Selfsupplied agrialtural users who utilize more than 300,000 gallons of water a month were not reported and

not available. Therefore, for the purposes of this Plan, it was assumed that the agriculture in this region will stay
the same and is not likely to increase. Esties of agricultural use were held constant throughout the planning
horizon up to 2040. Privatemall selsupplied individualisers of less than 300,000 gallons per month were

those groundwater wells. The population of residents and small businessemtst to be small seupplied

users of less than 300,000 gallons penio

The goal of this section of the Plan is to forecast populations and water use to 2040 and identify water deficits or
surpluses. Water deficits or surpluses identified heresmeliminary based on best available information to

date. It should be noted that the mandated Virginia Code requires this Plan to be reviewed every five years; and
updated and resubmitted t&irginia Department of Environmental Quality and the StateéeN@ontrol Board

every ten years. In this review and update process, deficits and surpluses will be revised based on most recent
population projections, development patterns, and water conservation actions employed by localities.

Data collection includd population projections and employment estimates from Weldtwoper, the Virginia
Employment Commission, and Virginia Economic Development Partnership. In addition, data for growth and
development was compiled from the annual Northern Shenandoah VadigipiRal Housing Report,
Comprehensive plans, and economic development projections. Where lesgadityfic information was detailed,

it was substituted for the Weldoooper statistical estimates of population. In this section of the Plan, water
demand pojections are forecasted for a 32 year time horizon to 2040. Population figures extending beyond
2020 is less confident than those forecasts from present to 2010; however, these will be revised during the
periodic Plan updates.

Water demands presentepler County include three broad categories: community water systems, Selhll
Suppliedusers, and larg8eltSupplied (agricultural and nonagriculturpivater users. Community water systems
include water provided to localities as well as ronnicipalties. Apublic community water systerserves at
least 15 residential connections or at least 25 individualerage daily water use calculations for the community
water systems for @tke and other localities in this report were based on 2008 data presented in-83B1


http://en.mimi.hu/environment/public_water_system.html
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SmallSelfSuppliedwater demand projections are users of less than 300,000 gallons a month. This group of
water users is assumed to be primarily groundwater welk$ isranticipated to remain static with 2008 data

unless further changed by locality comments. SElfSupplied users and nonmunicipal community water

systems were anticipated to remain static. Future water demand was calculated by increasing thetigside
municipal community water use, increasing a given percent from previous decade, per the Virginia Employment
Commission. For example, if the population increased 11.66% between 2020 and 2030; then the 2020 demand
was multiplied by 11.66% and addedtbe 2020 demand to calculate the 2030 demand. This demand

estimation process was applied for calculating all localities.

Demand projections for large nonagricultug&eglfSuppliedwater (for both surface water and groundwater
sourcespre incomplete da to data gaps from some of the large nonagricult@ealfSupplied users reported in
Sections 70 and 80 of this Plan, previously submitted to the Northern Shenandoah Valley Regional Commission.
The agricultural larg8elfSuppliedwater projections expeted to stay static with the 2008 numbers, until

additional data is provided to quantify this use.

Employment Data and Analysis
Additional characterization of water use for each locality included evaluation of current and likely future

commercial, indutial, and manufacturing large water consumers. According to the Virginia Employment
Commission, the top employers in the Northern Shenandoah Valley are listed below. These top employers are
anticipated to continue to grow and be top water users througtihe planning period to 2040 (per Virginia
Employment Commission).

e Valley Health System e Shenandoah County School Board

e Wal Mart e  Target Corporation

e Frederick County School Board e [26534Q 12YS /SYyiSNBEZ LyO®
e Food Lion e  Warren County School Board

e VDOT e Winchester City Public Schools

e Page County School Board e Postal Service

e al NEKIFffQa ¢  Rubbermaid Commercial Products LLC

e  Cracker Barrel Old Country Store e« DS2NHSQ4 / KAO1SY

e Berryville Graphics e  Shenadoah University

e  The Home Depot e  County of Frederick

e  City d Winchester e al NIAyQ&a C22R al N} Si

e U.S. Department of Homeland Defense
These listed employers provide the largest percentage of employment within the Shenandoah Valley as
categorized by industry with many serving in manufacturing, construction, retail trade, edwedation
services, health care and social assistance, and accommodation and food services sectors.

Assumptions:
e Extrapolation of population to 2040 from 20@D30

e Town water usas apercentageof overall County water use
e Locality projections include recent @p Plans and developments
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¢ SmallSeltSuppliedbusinesswater use remains static 20840 (golf course)
e Per capitavater use is 75 gallons a day for self supplied wells and 125 gpd for public and
private community water systems

Population data availabldrrough WeldorCooper and the Virginia Employment Commission estimate

to 2030; therefore, population projections beyond 2030 numbers provided by Welidmper and

Virginia Employment Commission were calculated by extrapolating the slope of the lineaatmopul
projections from 2000 to 2030 to the outyear of 2040. The second assumptiocaiEdin of County

water use to ®wns,was based on individual meetings with each County and respective Town(s).
GomprehensivePlans and infrastructure needs were ewied. Jurisdictional populations were

allocated to each Town witha County based on assumptions documented during locality meetings.
For individual jurisdictions, the population projections vary accordingly based on geographic size and its
development vith many of the jurisdictions defined as rural with more open spaces and less population
density. The third assumption addresses locality projections readjusted to reflect the most recent
County Comprehensive Plans addressing planned development and esenit

An additional assumption was the demand usage of water. It was assumed that th&etf@ilipplied
businesaisers would remain fixed, such that a golf course in Warren County would not expand in size
nor use additional water in the future than wahit currently used in 2008. Water per capita quantity

was the fifth assumption. Water use was calculated by multipliatgr consumption per capita for the
population served by the smalelfSuppliedwater system that includes 75 gpd per person for
groundwater (rural demands) and 110 125 GPD per person for surface water intak&aother

demand assumption was that town water residences would consume an average géllons a day,
whereas county private well water use would consume 75 gallons aetgyerson. This consumption
SalGAYFGS O2NNROo2N)} GSa 6AGK (GKS | o{d DS2ft23A0L ¢

City of Winchester
The average daily demand for residents is anticipated to incré2s846 by 2040 from 1.55 MGD2608

to 2.21 MGD ir2040. The commercial / industrial use is expected to increase at a similar rate of 42.4%
increasing the demand of 2.2 MGD in 2008 to 3.13 MGD in 2040. The sales of water to Middletown and
Frederick County Sanitation Authority are anticipated to remaimstant throughout the planning time

period to 2040 with 0.2 MGD to Middletown and 1.9 MGD to Frederick County. The unaccounted for
water loss of 1.85 MGD is expected to decrease in the future with improvements made to the
antiquated distribution systemrdpping the loss by 10% to 1.67 MGD. The daily total water use in 2008
was 7.70 MGD. The daily water use in 2040 is expected to be 9.11 Mi&Dwater use by category for
Public Community Water Systems is presented in the table below.

| System| Residential | Commercial Unaccounted Water Sold

{ dz
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Total (MGD) Institutional for
Light Losses Amount

Water System (MGD) Indugstrial (MGD) Sold System

Name (MGD) (MGD) Name
2008Ninchester

City 7.7 1.5 2.20 1.85 2.11 | FCSA and Middletown|
2040Winchester

City 9.11 2.21 3.13 1.67 2.11 | FCSA and Middletown|

The City of Winchester haso water sources (river intake and a sprimgdh a combined maximum

capacity of 15 MGD. The future growth scenarios increase the demand to 9.11 MGD. This demand ca

be met by the existing sources, with an estimated 5.9 MGD surplus in water supply, as presented below.

Improvements to water structure will result in additional source increased Virginia Department of

Health engineering report)The City anticipates erpiencing a 42.4% demand increase between 2008

and 2040 and a 10% decrease in unaccounted for losses based on infrastructure repairs currently

planned.

WinchesterSupply Source Maximum Source Capacity (MGD|

NF Shenandoah River 14.00

Faye Spring 1.00

Total Available Capacity 15.00
Clarke Estimated Daily Demand040 9.11 County,
Towns of Estimated Available Capacit®040 15.0 Berryville
and Boyce:

In Clarke County the residential community water systems for municipalities include suetere w
stream intke on the Shenandoah River mstiam for the Town of Berryville and the Clarke County
Sanitation Authority withdrawal from Prospect Hill Spring for the Town of Boyce and some Clarke

County. The nonmunicipal residential community water usduites three groundwater well users:

Grafton School, the Retreat, and River Park. It is assumed that the nonmwaopalinity water
systemswater use will be static for a total of 151,840 gpd (125,920 gpd for the Retreat andFaiker
average dailyand maximum daily 25,920 gpd for Graftesince an average daily withdrawal is not

available

ClarkeCountyQ &eltSuppliedusers for nonagricultural demand in 2008 inclddbe federal commercial

sources: Federal Emergency Management Ageiacyl BerryvilleGraphics. Té three largeSelfSupplied

usersthat demand water for agriculture include White Post, Ivy Hill, and Moore & Dorsey. Saifall

Suppliedusersusing less than 300,000 gallommonth include residences and small businesses on
individual wells In 2008 this was estimated to be 24 residences in the Town of\ksi§multiplied by

factor of2.28 persons/ household times estimated 75 gpd per capita) and 46 residences in the County of
Clarkemultiplied bya factor of 2.5 using 75 gpd or 0.008&H. The small businesses in Clarke County

using private wells were estimated. SklfSupplied users and nonmunicipal community water systems
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were anticipated to remain static. Future water demand was calculated by increasing the residential
municipalcommunity water use, increasing a given percent from previous decade, per the Virginia
Employment Commission.

Clarke County

2008 MGD 2008 MGD

Community Water Users (CWS) Avg Max
Berryville

Clarke County Sanitation Authority (SW)| Town 0.383 0.776

Prospect Hill Spring Boyce Town 0.066 0.157

NonmunicipalCommunity Water Users

Grafton School (123 people) 0.03

Retreat 0.023 0.069

River Park 0.013

Total NonmunicipaCommunity Water

Users

SmallSelfSupplied Users (GW)

Beryville 24 Residences** GW 0.004

Clarke County 46 Residences** GW 0.009

LargeSelfSupplied Users- NonAg

Federal Emergency Management Agenc| SW 0.072

Berryville Graphics GW 0.003

LargeSelfSupplied Users- Ag

White Post SW 0.018*

Ivy Hill SW 0.035

Moore & Dorsey GW 0.0794

Small businesses GW 0.017

Notes

* 2002 only reported water use
** Per Capita consumption = residences X DEQ No. persons/house X 75 gpd

A summary of Clarke County is providedow. It is anticipated that will groundwater wells, sufficient
water is available to meet anticipated projected demand for water to 2040.

Clarke County Projected Water Demand

Clarke County Projected Annual Average & Peak Demand
Prolectgd Estimated Estimated VDH
Population Annual .
. Resultant Peak Permitted
Projected on Wells Average Well
Year ) ) Demand Water System
Population (Minus Water .
) (gpd) Demand Capacity
Service Demand (MGD) (MGD)
Areas) (MGD)
2008 13,758 8556 641700 0.642 0.18
2010 14,034 9620 721500 0.722 0.18
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2020 18,320 12750 | 956250 0.956 0.18
2030 21,230 14776 | 1108200 1.108 0.18
2040 26,027 18115| 1358625 1.359 0.18
Notes: Per capita Method: estimated water demand = projected populatgpcd water use
factor
Assumed industry standard peaking factor of 1.5 because peak days are not recorded |
County
Projected Disaggregated Demand
2008 Disaggregated Water Use Data
Projected Disaggregated Wer Demand (MGD)
Commercial
Institutional
Year Light Estimated Total
Industrial Heavy Livestock Ag Users| Unaccounted Water Private
Private SSU| Industrial | Self Supplied Use | (estimated) for Losses Sold | Estimated
CWS (gpd (gpd) (gpd) | Users (gpd) (gpd) (gpd) (gpd) (gpd) (gpd)
2008 20000 107,000 71500 641700| 179,000 114,700 1,133,900
2010 20000 107,000 71500 721500| 179,000 114,700 1,213,700
2020 20000 107,000 71500 956250 179,000 114,700 1,448,450
2030 20000 107,000 71500 1108200|  179,0® 114,700 1,600,400
2040 20000 107,000 71500 1358625 179,000 114,700 1,850,825

To determine the population of Clarke County on individual smalsselplied wells and not serviced
with municipal community water systems, the Town populationsensrbtracted from the County
population, or an estimated 2,335 peoplevere determined to get their water from individual wells
Multiplying thatestimatedpopulationon wells by araverageof 75 gallons per dager capita yielded
0.92513 MGD However, gortion of that population is serviced by nonmunicifativate)residential
community water systemthat consumed.0136 MGD. Therefor8,92513 MGD minu8.0136 MGD
yields 0.91153 MGD of water that is estimated to service the remaining 2008 Countiapaphby well
water. Clarke County is expectediterease in population by the following rates per decadl2:19%
by 2020, 11.66% by 2030, and 9.91% by 2040. The County estimates of water use for populations not
serviced byyommunity water systemarereflected in the demand figures.

In summary, the existing and projected water demand for Clarke County is as follows:
0.9115MGD
0.9562MGD
1.1081MGD
1.3586MGD

2010
2020
2030
2040

Town of Berryville:

Berryville will meet future projectediater needs through 2040 based on uses presented below.
However, peak water usage in 2040 exceed the current VDH permitted capaesiyesf Therefore, a
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new permit would be necessary for increased water withdrawal. In addition, implementation of wate
conservation techniques will decrease water use by 20%ehberesulting in future peak days demands
to be met by existing sources.

Town of Berryville Projected Water Demand

Town of Berryville Projected Annual Average & Peak Demand

Estimated .
Annual Estimated
B Water Use | Resultant Jra— Peak VDH
Year Ject Factor Demand g Water Permitted
Population Water X
(gpcd) (gpd) Demand Capacity
Demand (MGD)
(MGD)
2008 3,941 100 0.381 0.582 0.864
2010 4,185 100 0.419 0.641 0.864
2020 4,877 100 0.488 0.747 0.864
2030 5,651 100 0.565 0.864 0.864
2040 6,928 100 0.693 1.06 0.864

Notes: Per capita Method: estimated water demand = projected population :
gpcd water use factor

Assumed industry standard peaking factor of 1.5 becausk gags are not
recorded by County

2008 Per Capita Water Use Factor 2008 Water Withdrawal Peaking Factor

2008 2008 Per 2008 Per Avsr[:;i 2008
Water Capita Capita Day Peak Day  Peak Day /
Use Water Use Water Withdrawal ~ Withdrawal Avg
(MGD)  (MGPCD) Use (gpcd) (MGD) (MGD)  Day (MGD)
0.381 100 January 0.383 0.633 1.65
February 0.383 0.6 1.57
March 0.353 0.517 1.47
April 0.358 0.481 1.34
May 0.375 0.562 1.52
June 0.432 0.607 1.41
July 0.378 0.555 1.47
August 0.396 0.776 1.96
September 0.38 0.542 1.43
October 0.375 0.547 1.46
November 0.359 0.603 1.68
December 0.394 0.569 1.44

Avg 2008 Water Withdrawal Peaking Factor

Projected Disaggregated Demand 4.566 6.992 1.53
The Towrof Berryville disaggregated community water system use is presented in the table below.
Commercial
System Institutional
Total Light Heavy | Unaccounted | Production
Water System Residential Industrial industrial for Processes
Name (MGD)| (mcD) (MGD) (MGD) Losses (MGD)
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| Berryville Town | 0.342] 0.196 | 0.089]  0.000] 0.049 | 0.015]

Town ofBoyce

The existing supplies and permits for water for thewn of Boyce will meet future water demands to

2040 based on water uses projected beloMvshould be noted thia decrease in per capita usage of

132 gpd/user would also decrease water demand. A peak factor of 1.2 was used to predict water use on
peak days. If a peaking rate of 1.5 were used, the peak day water use by 2040 would not be met,
although the annualvater demand for 2040 would be satisfied.

Town of Boyce Projected Annual Average & Peak Demanc

ES"(Tate Estimated
UELET Resultant| Annual LS M2y
Projected Use Water Permitted
Year ) Demand | Average )
Population Factor (gpd) Water Demand | Capacity
@gpcd) | 9P (MGD) | (MGD)
Demand a2
(MGD) ’
2008 556 73,275 131.79 0.073 0.088 0.18
2010 589 77625 131.79 0.078 0.094 0.18
2020 693 91330 131.79 0.091 0.109 0.18
2030 803 105827 131.79 0.106 0.127 0.18
2040 984 | 129681 131.79 0.13 0.1% 0.18

Notes: Per capita Method: estimated water demand = projected popula
x gpcd water use factor

Assumed industry standard peaking factor of 1.5 because peak days ai
recorded by County

2008 Per Capita Waterde¢ Factor 2008 Water Withdrawal Peaking Factor
2008
2008 Per Average 2008
2008 Capita 2008 Per Day Peak Day

Water Water Capita Withdraw  Withdraw  Peak Day /
Use Use Water al al Avg
(MGD) (MGPCD) Use (gpcd) (MGD) (MGD) Day (MGD)
0.073 160 January 0.079 0.128 1.62
February 0.074 0.099 1.34

March 0.074 0.148 2

April 0.072 0.124 1.72

May 0.073 0.148 2.03

June 0.091 0.141 1.55

July 0.1 0.196 1.96

August 0.111 0.182 1.64

September 0.122 0.224 1.84

October 0.105 0.2 1.9

November 0.081 0.123 1.52

December 0.09 0.169 1.88

Avg 2008 Water Withdrawal Peaking
Factor 21
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Projected Disaggregated Demand 1.072 1.882 21
2008 Disaggregated Water Use t@a 0.089 0.157 1.75
Projected Disaggregated Water Demand (MGD)
Commerci
al
Institution
Year al
Light Heavy Productio | Unaccounte
Residenti| Industrial | Industri n d | Water
al CIL al Military Other | Processes for Losss Sold | Total
gpd) (gpd) (gpd) (gpd) (gpd) (gpd) (gpd) | (gpd) | (gpd)
2008 0.073 0.073
2010 0.078 0.078
2020 0.091 0.091
2030 0.106 0.106
2040 0.13 0.13
Notes: Assumed categorical water use percentages would recoaisistent through the projection period.

Frederick County, Towns of Middletown and Stephens City:

In Frederick County there are two towns, both of which purchase water émoother locality or entity.
The Town of Middletown purchases water from they®@if Winchester.The Frederick County Sanitation
Authority provides water wholesale to the Town of Stephens Qityaddition, Frederick County
Sanitation Authority provides water to County residents located in the vicinity near the City of
Winchester.

The sources of water distributed by the Sanitation Authority include groundwater well, spring, surface
water, quarry water, and purchase from the City of Winchester, all of which is treated by the Sanitation
Authority, stored in quarries, and served ®sidents of the Town of Stephens City and those in

Frederick County on public water servickhe quarries utilized by the Authority function not only for
storage but are also used as a supply source. A summary of 2008 and recent water use for those served
by the Frederick County Sanitation Authority is summarized below.

Residential Avg
Residential Water Use Sales Annual
# Residential Population (2.25 (125 gpcd) Unaccounted | (Stephens Use Other Demand
Year | Connections| Connections persons/house) MGD losses MGD | City) MGD| MGD Demands| MGD
2008 13,018 12,518 28,166 2.15 0.390 0.140 2.840 5.520
2010 13,520 12,977 29,198 1.850 0.330 0.120 4.430 2.430 4.430

It is interesting to note that the demand for water between 2008 and 2010 decreaded.decrease is
consistent with trends noted in the American Water Works Association and is likely reflective of the
economy with residents conserving water to lower monthly biistimates of future water demand for
those serviced by the Frederick County Sanitatiothéwity include residential water demand,
commercial demand, sales to Stephens City, and unaccounted for I&sesral assumptions were



63

made including the demand by commercial light industrial usersrdtdemain the same from 2008
through 2040. Thequantity of water to be sold to Stephens City will remain the same from 2008
through 2040, and the unaccounted for system losses will remain the same from 2010 through 2040,
assuming appliance efficiency and distribution upgraatEsir. The projected nurber of residents to be
serviced by the Frederick County Sanitation Authority was assumed to remain proportionate to the
overall County population from 2008 and 2016the Sanitation Authority service area increases based
on the projections below and th@ssumptions of water loss, sales, and commercial demand remain
static, the demands projected through 2040 are as follows.

Projected Demand
to FSCA (125 Sales Commercial| Total
County Residents| gpd/capita) MGD Unaccounted (Stephens /Other Estimated
Population | on FCSA | (1) losses MGD (2) | City) MGD| Demands | Demand
2008 73769 28,166 2.15 0.39 0.14 2.84 5.52
2010 78,305 29,198 1.850 0.33 0.12 2.43 4.73
2020 95,648 36,230 4.529 0.33 0.14 2.84 7.83
2030 114,539 43,386 5.423 0.33 0.14 2.84 8.733
2040 142,83 54,111 6.764 0.33 0.14 2.84 10.074

The permitted design capacity for the Frederick County Sanitation Autlyprétsriesis 4.928 MGDThe
Bartonsville well site has a capacity of 0.5 MGD totaling 5.42 MGD capacity. The Frederick County
Sanitation Autority also purchases up to 2 million gallons a day (MGD) from the City of Winchester.
Therefore, asum total of water available through existing water soursés92 MGD Given the existing
water supply of 7.92 MG deficit of water in Frederick Qaty is anticipated to occur between 2020

and 2030.If the Frederick County Sanitation Authority service area continues to serve the same percent
of the County population as it increases over time, there will be a proportional increase in residents
servedby the Sanitation AuthorityHowever, it should be noted that the Virginia Department of Health
NEO2YYSyYyRa (KIFIG 2y0S I f20FrtAGeQa ¢l GSNI RSYIyR
should be securedThe water demand projected for 2020483 MGD which exceeds 80% of the 7.92
source capacityTherefore, it is recommended that between present time and 2020, Frederick County
plan for additional water supplies to meet future demands.

Either the Sanitation Authority will have to expand theater supply capacity and / or the service area
will have to remain at or near the number of 2010 residential connecti@rs.as population increases
in the County, more residences will need to be required to use groundwater wells.

Other water users ifrrederick County not serviced by the Sanitation Authavigye projected. These
demands include those on groundwater wells, private community water systems (i.e., Lake Holiday

SE
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Estates), and both agricultural and nonagricultural largesgiplied usersf water. These are briefly
summarized below:

Private Community Water Systems

The combined nonmunicipal private community water users in Frederick County served over 575 people
and used an average of 0.333 MGD based on 80% of the system design capésitemand

calculation was used since no data are available for actual water consutrisédssumed that this

demand will remain static throughout the planning horizon of 2040.

Groundwater Wells

An estimate of County residents that relies on individualigdwater wells assumed that the Sanitation
Authority will remain providing water to an average 2.64% of the overall County population (based on
2008 and 2010 connectionshe estimated number of those on groundwater wells was calculated
based on the mjected County populations minus those estimated to be served by Frederick County
Sanitation Authority or those on private community water systeris.estimated 45,028ounty

residents were not serviced with municipal community water systems in 2008 laathdheir water

from individual groundwater wellslt is assumed the average water demand for well users is 75 gallons
per day per person.Residents on groundwater were estimated as follows:

Residents

servedby | Estimated

Residents on Private Residents
County Population | FCSA (1) CWs on Wells
2008 73769 28,166 575 45,028
2010 78,305 29,198 575 48,532
2020 95,648 36,230 575 58,843
2030 114,539 43,386 575 70,578
2040 142,853 54,111 575 88,167

1) Estimated FCSA users as 2.64 % of County resider
for 202062040

SelfSupplied Users

The large Seff dzLJLJt A SRy 2y | ANA Odzf G dzNJ £  dz&d S NArge Sésuppied y S R
agricultural users with a combined demand of 0.043 MGD, where data are available; however, four of
the six agricultual Self Supplied Users did not provide water use data in 2002, 2003, or 2008. Five small
SeltSuppliedbusinesses that use private water supplies (less than 300,000 gallons / month) met a
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business demandf 0.815 MGD. These small SeSupplied users repsent 0.067 MGD consumed in
2008. These demands are anticipated to remain the same throughout the planning period to 2040.

Town of Middletown:

The Town of Middletown is anticipated to use water at the rates projected below. Given those rates,
the Town wil need to look for sources of watey 2030 tomeet the demand that will exceed the

existing water purchase contract with the City of Winchester. The existing water contract is capped for
Middletown at0.238 MGD. It should be noted, these preliminamgj@ctions of water are based on a

per capita water daily demand that exceeds state averages (152 gallons per day). Calculations using
state averages of 125 gpd per person would lower the demand. Measures of conservation and other
reduction implementatio strategies could also significantly reduce the water demand and thereby not
necessitate additional water supplies for the future planning period.

Town of Middletown Projected Annual Average & Peak Demand

Estmated | Estimated | VDH
; Water Use | Resultant Peak Permitted
Projected Average
Year ) Factor Demand Water System
Population Water .
(gpcd) (gpd) Demand Capacity
Demand (MGD) (MGD)
(MGD)
2008 1199 152 0.182 Purchase
2010 1,261 152 0.191 Purchase
2020 1,540 152 0.234
2030 1,844 152 0.280
2040 2,300 152 0.349

County

Notes: Per capita Method: estimated water demand = projected population x gpcd
water use factor
Assumed industry standard peaking factor of 1.5 because peak days are not remprc

2008 Per Capita Water Use Factor

2008 Water Withdrawal Peaking Factor

2008
2008 Per Average 2008

2008 Water Capita 2008 Per Day Peak Day Peak Day /
Use Water Use Capita Water Withdrawal ~ Withdrawal Avg
(MGD) (MGPCD) Use (gpcd) (MGD) (MGD) Day (MGD)

0.182 151.8 January 0.169

February 0.235

March 0.184

April 0.177

May 0.188

June 0.2

July 0.218

August 0.186
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September 0.158
October 0.129
November 0.142
December 0.203

Avg 2008 Water Withdrawal Peaking Factor
Projected Disaggregated Demand

2008 Disaggregated Water Use Data

Projected Disaggrgated Water Demand (MGD
Commercial
Year Institutional
Light Heavy Production | Unaccounted | Water

Residential | Industrial CIL| Industrial Military Other Processes| for Losses Sold Total
gpd) (gpd) (gpd) (gpd) (gpd) (gpd) (gpd) | (gpd) | (gpd)
2008 0.182 0.182
2010 0.191 0.191
2020 0.234 0.234
2030 0.280 0.280
2040 0.349 0.349

Notes: Assumed categorical water use percentages would remain consistent through the projection period.

Town ofStephens City

The Town of Stephens City has water supplied by the Frederick County Sanitation Authority. Based on
projections presented below, the Town water use is expected to be met by the existing water system
and supplies.

Town of Stephens City ProjeaieAnnual Average & Peak Demand

. Estimated
Resultan Eztr:r::;d oo Vicl
. Water Use Water Permitted
Projected t Average
Year ) Factor Demand System
Population Demand Water .
(gpcd) ) D) (MGD) Capacity
(Estimated (MGD)
(MGD)
1.5)
2008 1,736 62.200 0.108 0.162 | Purchase
2010 1,825 62.200 0.114 0.171 | Purchase
2020 2,229 62.200 0.139 0.209
2030 2,669 62.200 0.166 0.249
2040 3,328 62.200 0.207 0.311

Notes: Per capita Method: estimated water demanprejected population x gpcd
water use factor

Assumed industry standard peaking factor of 1.5 because peak days are not rec
by County

2008 Per Capita Water Use Factor 2008 Water Withdrawal Peaking Factor
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2008
Average
2008 Per 2008 Per Day 2008
2008 Capita Capita Withdrawa Peak Day
Water Use  Water Use Water | Withdrawal  Peak Day / Avc
(MGD) (MGPCD)  Use (gpcd) (MGD) (MGD) Day (MGD)
0.108 62.2 January 0.135 N/A
February 0.107
March 0.102
April 0.086
May 0.088
June 0.102
July 0.12
August 0.099
Septembe
r 0.092
October 0.168
November 0.095
December 0.099

Avg 2008 Water Withdrawal Peakg Factor
Projected Disaggregated Demand

2008 Disaggregated Water Use Data

Projected Disaggregated Water Demand (MGD)

Commercial

Institutiona

Year o

Light Heavy
Industrial | Industria Production Unaccounted | Water

Residential CIL | Military Other Processes| for Losses Sold | Total
gpd) (9pd (gpd) (gpd) (9pd) (9pd) (gpd) (gpd) | (gpd)
2008 0.108 0.108
2010 0.114 0.114
2020 0.139 0.139
2030 0.166 0.166
2040 0.207 0.207

Notes: Assumed categorical water use percentages would remain consistent through the projection period.

Page County, and Towns of Luray, Shenandoah, and Stanley

In Page Countysing data provided by the Towns of Luray, ShenandoalBtantky, over 45 percent of

GKS /2dzyGeQa LRLHAZIGAZ2Y Aa O2yySOGSR (2 a2YS F2Ny
Gyl GdzNF & AyONBlF&asSe oiG2Glt ydzyoSNI 2F 6ANIK&A LISNI &S§
Virginia Department of Hath) was anegative numberindicating more residents died that year in the

County (11.2 deaths per every 1,000 residents) than those born that year (10.1 births per every 1,000
NEaARSydaoo tF 38 / 2dzyieQa LIS NDSrhé pad SeveaFCenhsgsLdzt | (0 A
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cycles. From 19791980 the County experiencedld percentpopulation increase, from 19801990

an11.7 percenjpopulation increase, from 19992000 a6.8 percentpopulation increase, and 20@0

2010 a3.7 percentpopulation increase. The recent 3.7 %increase is assumed to besalt of a modest
netinY A 3N} GA2y (2 GKS /2dzyies gAGK GKS ayl GdzNF € LRL

An historic decline in population can be observed for the past 40 years aridttiie population

projections reflect this decline; however, the projections still shoslight net increase population for

each ten year cycle until 2040. These slight net increases assumgration of populatiorinto the

County each year with small percentage that stay rather than leavAny unforeseen circumstance

(e.g. a major industrynoving into, or out of, the Countyetc.) could change this assumption. Therefore

a2 percent overall projected population increase was assessed for Ragey®etween 201@ 2020,

and continued until2040L Y | RRAGA2Yy S LERNIA2ya 2F GKS /2dzyieéQa
Towns based upon historic trends.

In Page County the residential community water use is supplied by groundwater wells ams sprin
servicing the three Towns. In 2008, the combined water use for nonmunicipal community sources were
all groundwater wells withdrawing a total of 0.9512 MGD in 2008 (based on 80% total system design
(actual water consumption use not availapl@hese islude Egypt Bend Estates, Luray Homes,
Shenandoah Utilities, and undisclosed populations in nonmunicipal community water users subdivisions.

The largeSelfSuppliedhonagriculturaluser was the Luray Caverns Country Club. Eight &etie
Suppliedagricutural users in Page County withdrew water from a combination of stream intakes,
groundwater, and a spring totaling a 0.103 MGD withdrawal for five agricultural.u$érge large self
supplied agricultural users did not report withdrawamallSelfSugplied usersinclude schools,

Shenandoah National Park, and Stanley Industrial Park with a combined withdrawal in 2008 of 0.547
MGD. This was assumed to be static throughout the planning time; however, it is noted that the Stanley
has identified a potentiegrowth corridor in theidndustrial Parlandis converting to community water
systemsexpanded to accommodate anticipated increasavater demand user. An estimated 96 houses

on private wells in the service areas of the towns were multiplied by the {@@werage of 2.42 persons

per household using 75 gpd tof@al017424 MGD in 2008.

The Town of Luray served a daily water use of 837,559 gallons per day in 2008, with an average peak
daily use of 944,435 gallons per day. In 2010 the Town of Luray sepallation o#4,895 In

addition, in 2010 the Town provided County residents with-aistown water to 130 connections. The

Town estimated this to be 130 connections times 2.5 residents per household connection, plus the 2010
population for a total wéer service provided to 5,220 personghe Town of Luray anticipates a growth

rate of 0.13% or four new light commercial industrial users in the planning period and two new heavy
industrial connections (0.07% increase) during the planning period betmessent to 2040The Town
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of Shenandoah served 21 household connections outside of the Town limits in 2010. The Town of
Stanley provides water to much of Page County residents outside the Town limits. The service area for
County residents outside of towiimits served by Stanley Town in 2010 was 774 connecti@ims total
number/Percent of Page Countgsidentsiving intowns orconnected to Town tilities was45.7% of

the overall County population.

Estimates for Page County and the Towns of Luray,&®igeah, and Stanlgyopulationare as follows:

Population 2020 2030 2040
Page Co Population Served 24,523 25,014 25,515
Luray Population Served 4,944 4,994 5,044
Total ServicéArea Population 5,281 5,356 5,428

(Out of Town Population y LurayPopulation)

Shenandoah Population Served 2,504 2,605 2,683

Total Servicérea Population 2,572 2,697 2,793

(Out of Town Population plus Town Population)

Stanley Population Served 1,472 1,517 1,563

Total ServicéArea Population 3,457 3,552 3,624

(Out of Town Population pli&tanleyPopulation)

Total Number/Percent of County 11,310 11,605 11,845

ResidentConnected to Town Utilities 146.1% 146.3% 146.4%

An estimatedl3,213people were not serviced with municipgdmmunity water systema 2010 In
2008, the estimated population on individual wells was 15, 784ltiplying that population times an
average 75 gallons per day per capita yielded 1.183575 MGD not on municipal water. However, a
portion of that populatbn is serviced by nonmunicipedmmunity water systemthat consumed
0.095120 MGD. Therefor#,183575 MGD minu3.095120 MGD yields 1.08846 MGD of water that is
estimated to service the remaining 2008 County population. This amount is estimated @seaiethe
rates provided for the towns (12.38ercent by 2020, 11.66 percent by 2030, and 9.91 perbg2040).
The County estimates of water use for populations not servicetbhymunity water systemare
reflected in the demand figures.

In summary, the existing and projected water demand for Page County is as follows:

2010 1.154MGD



2020
2030
2040

1.1702 MGD
1.1924 MGD
1.2169 MGD
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Based on the ubiquitous nature of groundwater underlying Page County, future demands are
anticipated to be met wh groundwater wells. A summary of Page County future water demands is
presented below:

Page County Projected Water Demand

Page County Projected Annual Average & Peak Demand

Proiected Estimated
Ject Annual Estimated VDH
Population .
) Resultant| Average Peak Permitted
Projected on Wels
Year . ) Demand Well Water System
Population (Minus .
- (gpd) Water Demand Capacity
Areas) Demand (MGD) (MGD)
(MGD)
2008 23,177 15321 | 1149075 1.149 n/a
2010 24,042 15352 | 1151400 1.151 n/a
2020 24,523 15603 | 1170225 1.17 n/a
2030 25,014 15898 | 1192350 1.192 n/a
2040 25,515 16225| 1216875 1.217 n/a
Notes: Per capita Method: estimated water demand = projected population x gpcd water use fac
Assumed industry standard peaking faabbrl.5 because peak days are not recorded by County
Projected Disaggregated Demand
2008 Disaggregated Water Use Data
Projected Disaggregated Water
Demand (MGD)
Commercial
Year Institutional
Light Estimated
Industrial Heavy Self | Livestock Ag Users
Residential CIL| Industrial Supplied Use | (estimated) Total
gpd) (gpd) (gpd) | Users (gpd) (gpd) (gpd) (gpd)
2008 547,000 1149075| 275,500 32,000 2,003,575
2010 547,000 1151400| 275,500 32,000 | 2,005,900
2020 547,000 1170225| 275,500 32,000 | 2,024,725
2030 547,000 1192350| 275,500 32,000 | 2,046,850
2040 547,000 1216875| 275,500 32,000 2,071,375

Notes: Assumed categorical water use percentages would remain consistent through the projection period.

Town of Luray:
All future uses for water in Luray Town are anticipated to be met by the existing water supplies and
permitted capacity to the year 2040. The peak demand for 2040 potentially exceeds the permitted
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capacity by 2030; however, daily consumptuses could implement conservation to extend the supply
of the sources to satisfy future uses.

Town of Luray Projected Annual Average & Peak Demand
Estimated Estimated VDH
Projected Water Use Resultant Annual Permitted
) Peak Water
Year Population/ Factor Demand Average Demand System
Service Area (gpcd) (gpd) Water Demand (MGD) Capacity
(MGD) (MGD)
2008 5,020 163.94 0.823 1.234 1.235
2010 5,025 163.94 0.824 1.236 1.224
202 5,074 163.94 0.832 1.248 1.224
2030 5,124 163.94 0.84 1.261 1.224
2040 5,174 163.94 0.848 1.27 1.224
Notes: Per capita Method: estimated water demand = projected population x gpcd water use factor
Assumed industry standard peaking factor of 1.5 because peak days are not recorded by County

Disaggregated water use was available for the Town of Luray and is presented below:

System Commercial
Total : : _Insntunona_l Heavy Unaccounted
Water System Residential Light Industrial industrial for
Name (MGD) (MGD) (gpd) (MGD) Losses
(0.152 MGD)
650/conn- 0.45/user
Comm (0.07%
0.392 (80 gpd x 1,225 /conn-Lt | increase or 2, 0.331
4,895 residents in Ind (or 4 new new (averages|
Luray .944 2010) connections) connections) 35%)

The Luray Town water usage projections included the folloagsgmptions of water use. The Luray
estimated residential water use rate is 80 gpd per user or 200 gpd per connection for a dwelling unit. An

increase of 0.1% is anticipated in residential usage amounts for future projections. Commercial use of

water for luray is 650 gpd. The Town of Luray has a an expected 0.13% increase in both users and usage

amount. The small industrial water users in Luray use 2,125 gpd per user connégifmoximately
four newlightindustrial users are expected to be added te fhown distribution system by020. The

water demand will increase by 8,500 gpiihe heavindustrial user in Luray demands 450,000 gpd per

user connection. The Town expects @M increase in the usage amount and anticipates two new

large industrial sersby 2040 Unaccounted for water loss varies in Luray between 15% to 50%. On
average, the Towassumes 35% for unaccounted loss.

Town of Shenandoah:
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Even with a higher than average per capita usage, the Town of Shenandoah is anticipated to have all
future water demands met by their exiting supplies. See the summary below of future use projections.

Town of Shenandoah Projected Annual Average & Peak Demand

Estimated | Estimated
Annual Peak VDH
Projected WEter Use RESHliENl Average Water Permitted
Year B Factor Demand -
Population () @) Water Demand Capacity
ap ap Demand (MGD) (MGD)
(MGD) (1.5)
2008 1,403 133.3 187,020 0.187 0.2805 0.601
2010 1,422 133.3 189,553 0.189 0.2835 0.601
2020 1472 133.3 196,218 0.196 0.294 0.601
2030 1517 133.3 202,216 0.202 0.303 0.601
2040 1563 133.3 208,348 0.208 0.312 0.601

Notes: Per capita Method: estimated water demand = projected population x gpcd
water use factor

Assumed industry standard peaking factor of 1.5 because peak days are not recor
by County

population of 2008

2008 Per Capita Water Use Factor 2008 Water Withdrawal Peaking Factor
2008

2008 2008 Per Average 2008

Water Capita 2008 Per Day Peak Day

Use Water Use Capita Water Withdrawal ~Withdrawal —Peak Day / Avg

(MGD) (MGPCD)  Use (gpcd) (MGD) (MGD) Day (MGD)

0.187 187,020 133.3 January 3.2 ni. n.i

February 3.13 n.i. n.i.
March 3.19 n.i. n.i.
April 3.09 n.i. n.i.
May 3.18 n.i. n.i.
June 3.16 n.i. n.i.
July 3.11 n.i. n.i.
August 3.73 n.i. n.i.
September 2.6 n.i. n.i.
October 2.92 n.i. n.i.
November 3.05 n.i. n.i.
December 3.13 n.i. n.i.

Avg 2008 Water Withdrawal Peaking Factor
Projected Disaggregated Demand 3.124 4.686 15
2008 Disagregated Water Use Data

Year Projected Disaggregated Water Demand (MGD) SSuU
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Commercial estimates
Institutional
Light
Industrial Heavy Production Unacounted
Residential CIL Industrial Military Other Processes| for Losses
gpd) (gpd) (gpd) (gpd) (gpd) (gpd) (gpd)
2008 0.187 0.187
2010 0.189 0.189
2020 0.196 0.196
2030 0.202 0.202
2040 0.208 0.208

Notes: Assumed categorical water use percentages would remain consistentttiheugrojection period.

Town of Stanley:

Future water demands are anticipated to be met by existing water leegpfor the Town oft8@nley
through 2040 based on pjected uses presented below:

Town of Stanley Projected Annual Average & Peak Demand
Estimated Eeilglid
Peak Water | VDH Permitted
- Water Use Resultant Annual
Projected Demand System
Year q Factor Demand Average )
Population (gpcd) (gpd) Water Demand (MGD) Capacity
ap ap (Estimated (MGD)
(MGD)
1.5)
2008 2,274 188.000 0.428 0.642 0.806
2010 2,373 0.446 0.669 0.806
2020 2,504 0.471 0.706 0.806
2030 2,605 0.489 0.735 0.806
2040 2,683 0.504 0.757 0.806
Notes: Per capita Method: estimated water demand = projected population x gpcd water use factor
Assumed indusyrstandard peaking factor of 1.5 because peak days are not recorded by County
2008 Disaggregated WatéjseData
Commercial
Institutional
Light Industrial Heavy Production Unaccounted
Residential CIL Industrial Military Other Processes for Losses
gpd) (gpd) (gpd) (gpd) (gpd) (gpd) (gpd)
Projected Disaggregated Water Demand (MGD)
Commercial
Year Institutional
Light Industrial Heavy Producion
Residential CIL| Industrial Military Other Processes| Total
gpd) (gpd) (gpd) (gpd) (gpd) (gpd) (gpd)
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2008 0.428 0.428
2010 0.446 0.446
2020 0.471 0.471
2030 0.489 0.489
2040 0.504 0.504
Notes: Assumed categorical water use percentages would remain consistent threugtojgaction period.

Shenandoah County, Towns of Edinburg, Mt. Jackson, New Market, Strasburg, Toms Brook, and
Woodstock:

In Shenandoah County the municipal residential community watesesees the Towns of Edinburg,
Mount Jackson, New Market, StrasiguiToms Brook, Woodstock, and Shenandoah County (Stoney

Creek Sanitary District serving the villag&asgieBryce Mountain Resort In 2008, the nonmunicipal
community water userselied ongroundwater wells except Battleground Trailer Park on spring fed
6 GSNJ YR DS2NHSQa / KAO1SYy 6KAOK | taz2 dzasia adaNFI O
addition to groundwater wellsThe Toms Brook Maurertown Sanitary District provides water to the
Town of Toms Brook and outlying area in the County.
Thedisaggregated water use for Stoney Creek is presented below.

System Commercial
Total : : ‘Instltutlona‘I
Water System Residential | Light Industrial
Name (MGD)| (mGD) (MGD)
Stoney Creek
Sherandoah 0.228 0.221 0.007
County

The largeSeltSuppliechonagrialtural users include Bryce Resort, Shenvalee Lodge, and the Strasburg
Quarry Thirteen documented large agricultur8kelfSupplieduserswithdraw water (data for water use

is not available). SmaklfSuppliedusers(those using less than 300,000 galoof water per month)

include Valley Lunch Restaurant, Virginia Department of Transportation office complex, Bowman Apple
Products Company Inc., Community Christian School, Columbia Gas Transmission Corporation, and
Valley Baptist Christian School.

An edimated 24047 people were not serviced with municipal CWS. Multiplying the that population
times an average 75 gallons per day per capita yielded 1.1803525 MGD not on municipal water.
However, a portion of that population is serviced by nonmunidipsitlential communitywater systems
that consumed.2208 MGD. Therefor&, 1803525 MGD minusZ208 MGD yields 0.95955 MGD of
water that is estimated to service the remaining 2008 County population. This amount is estimated to
increase at the rates providddr the towns (12.19ercentby 2020, 11.6@ercentby 2030, and 9.91
percentby 2040).
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In the unincorporated areas of Shenandoah County, the water use is met by a combofatidividual
well water and Sanitary Distrit Based on future water use the County as presented below, the
existing water supplies from Stoney Creek Sanitary District and groundwater wells are anticipated to
meet future water use.lt is assumed that future development outside water supply service areas will
require well deelopment to support housing in rural areas.

Shenandoah County Projected Annual Average & Peak Demand
Estimated
Population Annual Estimated Sy Crg EX
. . . Resultant VDH Permitted
Projected Population Minus Stoney Average Peak Water
Year . . ) Demand System
Population Minus Towns | Creek Service (gpd) Water Demand Capacity
Area (0.228) op Demand (MGD) (M"GD)
(MGD)
2008 40,609 0.228 75 0.393
2010 41,993 21996 0.228 75 1.422 0.393
2020 49,427 27250 0.228 75 1.186 0.393
2030 56,927 31383 0.228 75 2.126 0.393
2040 66,906 36885 0.228 75 2.538 0.393
Notes: Per capita Method: estimated water demand = projected population x gpcd water use factor
Assumed industry standard peaking factor of 1.5 because peak days are not recorded by County
2008 Per Capita Water Use Factor 2008 Water Withdrawal Peaking Factor
2008
2008 Per Average 2008
2008 Water Capita 2008 Per Day Peak Day
Use Water Use Capita Water Withdrawal Withdrawal Peak Day / Avg
(MGD) (MGPCD) Use (gpcd) (MGD) (MGD) Day (MGD)
January 0.245 0.326
February 0.248 0.33
March 0.229 0.275
April 0.224 0.303
May 0.236 0.327
June 0.254 0.287
July 0.265 0.332
August 0.281 0.324
September 0.267 0.323
October 0.162 0.27
November 0.15 0.214
December 0.178 0.289
Avg 2008 Water Withdrawal Peaking Factor
Projected Disaggregated Demand 3.6
2008 Disaggregated Water Use Data 0.228 0.3 1.316
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Projected Disaggregat Water Demand (MGD)
Commercial
Year Institutional
Private CWS| Residential | Light Industrial Heavy Production
Residential Wells SSU| Industrial | Private SSU Processes| Total
(MGD) (MGD) (MGD) (gpd) (MGD) (gpd) (gpd)
2008 0.228 33.403 14.9288
2010 0.228 1.422 33.403 14.9288
2020 0.228 1.186 33.403 14.9288
2030 0.228 2.126 33.403 14.9288
2040 0.228 2.538 33.403 14.9288
Notes: Assumed categorical water use percentages would remain consistent through the projection period.

Town of Edinburg:
Future Water uses, as presented below, anticipatedto be met by the existing water supplies in the
Town of Edinburg.

Town of Edinburg Projected Annual Average & Peak Demand
Estimated | Estimated
Annual Peak el
. Water Use | Resultant Permitted
Projected Average Water
Year N Factor Demand System
Population (gped) (gpd) Water Demand Capacity
ap 9P Demand (MGD) (MpGD)
(MGD) (1.5)
.24 (Max
2008 1001 162 0.162 0.243 0.432)
2010 1,050 162 0.170 0.255 0.432
202 1,186 162 0.192 0.288 0.432
2030 1,366 162 0.221 0.332 0.432
2040 1,606 162 0.260 0.390 0.432
Notes: Per capita Method: estimated water demand = projected population x gpcc
water use factor
Assumed industry standard peaking factor of le6duse peak days are not recordec
by County
2008 Per Capita Water Use Factor 2008 Water Withdrawal Peaking Factor
2008
2008 Per Average 2008
2008 Water Capita 2008 Per Day Peak Day Peak Day /
Use Water Use  Capita Water Withdrawal ~Withdrawal — Avg
(MGD) (MGPCD)  Use (gpcd) (MGD) (MGD) Day (MGD)
0.162 162 January 0.145 0.227
February 0.157 0.226
March 0.149 0.238
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April 0.133 0.215
May 0.155 0.214
June 0.137 0.166
July 0.142 0.206
August 0.2 0.364
September 0.233 0.272
October 0.2 0.264
November 0.146 0.223
December 0.145 0.17

Avg 2008 Water Withdrawal Peaking Factor

Projected Disaggregated Demand 1.942 2.785
2008 Disaggregated Water Use Data 0.162 0.232 1.43
Projected Disaggregated Water Demand (MGD)
Commercial
Year Institutional
Light Heavy Production | Unaccounted
Residential | Industrial CIL| Industrial Military Other Proceses for Losses Total
gpd) (gpd) (gpd) (gpd) (gpd) (gpd) (gpd) (gpd)
2008 0.162 0.162
2010 0.170 0.170
2020 0.192 0.192
2030 0.221 0.221
2040 0.260 0.260

Notes: Assumed categorical water use percentagesdvarhain consistent through the projection period.

Town of Mount Jackson:
The Town of Mount Jackson will have all water demands met by existing supplies. The per capita water
usage rate was fairlyvofor Mount Jackson. The peaking rate was also lovhf® Town, at 1.2.

Town of Mount Jackson Projected Annual Average & Peak Demand
Sl | peak | VoM
. Water Use | Resultant Permitted
Projected Average Water
Year X Factor Demand System
Population (gocd) (gpd) Water Demand Capacity
ap op Demand (MGD) (MpGD)
(MGD) (1.2)
2008 2,290 116.59 0.267 0.324 0.6992
2010 2,368 116.59 0.276 0.331 0.6992
2020 2,788 116.59 0.325 0.39 0.6992
2030 3,211 116.59 0.374 0.449 0.6992
2040 3,773 116.59 0.439 0.527 0.6992
Notes:Per capita Method: estimated water demand = projected population x gpcd wat
use factor
Assumed industry standard peaking factor of 1.5 because peak days are not recordes
County
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2008 Per Capita Water Use Factor 2008 WaterWithdrawal Peaking Factor
2008
2008 Per 2008 Per Average 2008
2008 Water Capita Capita Day Peak Day Peak Day /
Use  Water Use Water Withdrawal Withdrawal Avg
(MGD) (MGPCD)  Use (gpcd) (MGD) (MGD) Day (MGD)
0.267 116.59 January 0.301 0
February 0.294 0
March 0.57 0.29
April 0.294 0
May 0.27 0
June 0.302 0.315
July 0.297 0
August 0.305 0.324
September 0 0
October 0.331 0
November 0.445 0
December 0.279 0

Avg 2008 Water Withdrawal Peaking Factor

Projected Disaggregated Demand 3.688 0.929
2008 Disaggregated Water Use Data 0.307
Projected Disaggregated Water Demand (MGD)
Commercial
Year Institutional
Light
Industrial Heavy Production | Unaccounted
Residential CIL | Industrial Military Other Processes for Losses| Total
gpd) (gpd) (gpd) (gpd) (gpd) (9pd) (gpd) | (gpd)
2008 0.267 0.267
2010 0.276 0.276
2020 0.325 0.325
2030 0.374 0.374
2040 0.439 0.439

Notes: Assumed categorical water use percentages would remain consistent through the projection period.

Town of New Market:

The Town of New Market will have all future water demands up through 2040 satisfiedsting Town

water sources. By 2040, there will be a surplus of 1.238 MGD on peak days and a surplus of 1.779 MGD
on average daily usage days. Projected demand usage is presented below.

Town of New Market Projected Annual Average & Peak Demand



Estimated Estimated VDH
. Water Use | Resultant Annual Permitted
Projected Peak Water
Year . Factor Demand Average System
Population Demand "
(gpcd) (gpd) Water Demand (MGD) (1.5) Capacity
(MGD) . (MGD)
2008 2,477 276.54 0.685 1.028 2.92
2010 2,570 276.54 0.7107 1.066 2.92
202 2,995 276.54 0.828 1.242 2.92
2030 3,450 276.54 0.954 1.431 2.92
2040 4,055 276.54 1.121 1.682 2.92
Notes: Per capita Method: estimated water demand = projected population x gpcd water u
factor
Assumed indusy standard peaking factor of 1.5 because peak days are not recorded by C¢
2008 Per Capita Water Use Factor 2008 Water Withdrawal Peaking Factor
2008
2008 Per Average 2008
2008 Water Capita 2008 Per Day Peak Day
Use  Water Use Capita Vter Withdrawal Withdrawal Peak Day / Avc
(MGD) (MGPCD)  Use (gpcd) (MGD) (MGD) Day (MGD)
0.685 January 0.624 1.224
February 0.635 1.184
March 0.607 1.001
April 0.645 1.007
May 0.75 1.227
June 0.712 1.039
July 0.679 1.383
August 0.683 1.018
September 0.76 1.144
October 0.81 1.079
November 0.682 1.034
December 0.628 1.096

Avg 2008 Water Withdrawal Peaking Factor

Projected Dsaggregated Demand 8.215 13.436
2008 Disaggregated Water Use Data 0.685 1.12 1.64
Commercial
Institutiona
|
Light Unaccounte
Industrial Heavy Production  d
Residential CIL Industrial Military Other Processes for Losses Water Sold
gpd) (gpd) (gpd) (gpd) (gpd) (gpd) (gpd) (gpd)

Year Projected Disaggregated Water Demand (MGD)
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Commercial
Institutional
Light Heavy Production Unaccounted

Residential | Industrial CIL| Industrial Military Other Processes for Losses| Total
gpd) (gpd) (gpd) (gpd) (gpd) (gpd) (gpd) | (gpd)
2008 0.685 0.685
0.710
2010 0.7107 7
2020 0.828 0.828
2030 0.954 0.954
2040 1.121 1.121

Notes: Assumed categorical water use percentages would reroagistent through the projection period.

Town of Strasburg:

The Town of Strasburg will have water demands met through Town supplies throughout the planning

period of 2040. Based on increased permitted source to 3 MGD it is estimated that givesatie
presented below, by 2040 the Town will have a surplub. ©2MGD for average daily use and a surplus
of 1.55MGD for peak days.

Town of Strasburg Projected Annual Average & Peak Demand

Estimated Esgr::;ed VDH
. Water Use | Resultant Annual Permitted
Projected Water
Year . Factor Demand Average System
Population Demand .
(gpcd) (gpd) Water Demand (MGD) Capacity
(MGD) (1.13) (MGD)
2009 6,242 120.21 0.750 0.84 1
2010 6398 120.21 0.769 | 0.8691.039 1
2020 7573 120.21 0.910 1.029 3
2030 8963 120.21 0.99 1.119 3
2040 10609 120.21 1.275 1.441 3

Notes: Per capita Method: estimated water demand = projected population x gpcd water |

factor

Assumed industry standard peaking factor of 1.5 because peak days are not remprded

County

2008 Per Capita Water Use Factor

2008 Per

2008 Water Capita

Use  Water Use

(MGD) (MGPCD)
0.75

2008 Per
Capita Water
Use (gpcd)

120.21

2008 Water Withdrawal Peaking Factor

January
February
March

2008
Average
Day

Withdrawal

(MGD)
0.846
0.848
0.813

2008
Peak Day
Withdrawal
(MGD)

0.967
0.969
0.969

Peak Day /
Avg
Day (MGD)
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April 0.839 0.968
May 0.856 0.968
June 0.891 0.969
July 0.928 0.969
August 0.905 0.968
September 0.874 0.968
October 0.838 0.967
November 0.814 0.965
December 0.784 0.954

Avg 2008 Water Withdrawal Peaking Factor

Projected Disaggregated Demand 10.236 11.601
2008 Disaggregated Wer Use Data 0.853 0.967 1.13
Projected Disaggregated Water Demand (MGD)
Commercial
Institutional
Year Light
Industrial Heavy Production | Unaccounted
Residential CIL | Industrial Military Other Processes| for Losses| Total
gpd) (gpd) (9pd) (gpd) (gpd) (gnd) (gpd) | (gpd)
2008 0.75 75
2010 769 769
2020 91 91
2030 .99 .99
2040 1.275 1.275

Notes: Assumed categorical water use percentages would remain consistent through the projectitn perio

Town of Toms Brook:

The Sanitary District has a permitted capacity of 0.298 MGD. Calculated future water use for the Town
of Toms Brook will be met throughout the planning horizon of 2040 with a surplus of water from the
existing source, Sanitary Dist.

Town Projected .
Population iz Estimated VD.H
. o Water Use | Resultant Annual Permitted
(Sanitary District Peak Water
Year - Factor Demand Average System
population Demand .
S (gpcd) (gpd) Water Demand Capacity
projection to be (MGD) (MGD) (MGD
serviced)
251 640Toms
BrookMaurertown
Sanitary District 02416
2008 service area) 200 0.107 0.161
0.2416
2010 252(550) 200 0.107 0.161
0.2416
2020 321(600) 200 0.117 0.161
0.2416
2030 370(650) 200 0.127 0.161
0.2416
2040 435(700) 200 0.137 0.161

Notes: Per capita Method: estimated water demand = projected population x gpcd water use fa
Assumed industry standard peaking factor of 1.5 because peak days are not recorded by Coun




2008Per Capita Water Use Factor
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2008 Water Withdrawal Peaking Factor

2008
2008 Per Average 2008
2008 Water 2008 Per Capita Capita Day Peak Day Peak Day /
Use Water Use Water Withdrawal Withdrawal Avg
(MGD) (MGPCD)  Use (gpcd) (MGD) (MGD) Day (MGD)
0.107 200 January 0.168
February 0.182
March 0.17
April 0.167
May 0.157
June 0.156
July 0.169
August 0.157
September 0.167
October 0.184
Novembe 0.15
December 0.127
Avg 2008 Water Withdrawal Peaking Factor
Projected Disaggregated Demand 1.954
2008 Disaggregated Water Use Data 0.163
Commercial
Institutional Heavy Production Unaccounted
Residential  Light Industrial CIL Industrial Military Other Processes for Losses Water Sold Total
gpd) (gpd) (gpd) (gpd) (gpd) (gpd) (gpd) (gpd) (gpd)
0.107
Projected Disaggregated Water Demand (MGD)
Commercial
Institutional
Year Light
Industrial Heavy Production | Unaccounted Water
*Residential CIL | Industrial Military Other Processes for Losses! Sold | Total
gpd) (gpd) (gpd) (9pd) (gpd) (9pd) (9pd) (gpd) | (gpd)
2008 107,000 0 0 0 0 0 0 0 0
2010 107,000
2020 107,000
2030 107,000
2040 107,000

Notes: Assumed categorical water use percentages would remain consistent through the projection period.

*Assume- water service area stays at 400

Town of Woodstock:
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The Town of Woodstock will be able tatisfy all water demands through 2040 from the Town intake on
the Shenandoah River, based on water usage presented below. Based on demand calculations, there
will be a water surplus of 0.137 MGD by 2040 on peak days and a surplus of 0.191 MGD on ailgrage d

use days.
Town of Woodstock Projected Annual Average & Peak Demand
Estimated Estimated .
g Water Use | Resultant Annual Peak Water Vel [Reiiiad
Projected System
Year Population Factor Demand Average Demand Capaci
P (gpcd) (gpd) Water Demand (MGD) (MpGD;y
(MGD) (1.5 assume),
2008 5,837 118 0.689 1.03 2.02
2010 6,097 118 0.719 1.078 2.02
2020 6,969 118 0.823 1.23 2.02
2030 8,027 118 0.947 1.421 2.02
2040 9,434 118 1.113 1.67 2.02

factor

Notes: Per capita Method: éstated water demand = projected population x gpcd water use

Assumed industry standard peaking factor of 1.5 because peak days are not recorded by Cc

2008 Per Capita Water Use Factor

2008 Water Withdrawal Peaking Factor

Projected Disaggregated Demand

2008 Disaggregated Water Use Data

2008
2008 Per Average
2008 Water Capita 2008 Per Day 2008 Peak Day Peak Day /
Use Water Use Capita Water Withdrawal Withdrawal Avg
(MGD) (MGPCD) Use (gpcd) (MGD) (MGD) Used 1.5 Day (MGD)
0.689 118 January 0.6775 1.016
February 0.68 1.06
March 0.636 0.954
April 0.634 0.951
May 0.687 1.031
June 0.687 1.031
July 0.716 1.074
August 0.849 1.274
September 0.786 1.179
October 0.737 1.106
November 0.585 0.878
December 0.588 0.882

Avg 2008 Water Withdrawal Peaking Factor
8.263 12.426
0.689 1.036 1.504

Year

Projected Disaggregated Water Demand (MGD)
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Commercial
Institutional
Light Heavy Production | Unaccounted Water

Resiential | Industrial CIL| Industrial Military Other Processes for Losses Sold | Total
gpd) (gpd) (gpd) (gpd) (gpd) (gpd) (gpd) (gpd) | (gpd)
2008 0.689 0.689
2010 0.719 0.719
2020 0.823 0.823
2030 0.947 0.947
2040 1.113 1.113

Notes: Assumed categorical water use percentages would remain consistent through the projection period.

Warren County
In Warren County the residentiaommunity water use is supplied by stream intakes servicing the Town

of Front Royal. In 2008, the Town of Front Royal consumed an average water withdra\8A&B.
The two largeSeltSuppliedhonagriculturausers were golf clubs withdrawing groundwatvith a
combined water demand of 0.0929 MGD during 2008. One large agricueifupplieduser, Front
Royal Fish Culture Station, in 20281 a norconsumptive water use df.727 MGOrom Passage Creek
surface water. Seven businesses comprise thall®elfSuppliedvater use in 2008 including North

Fork Resort #7, Shenandoah National Rabickey Ridge Center, Skyline Caverns, Inc., Front Royal River

Campground, Chrishdom College, Hidden Springs Sehiomng Facility, North American Housing
Corporation, and Shenandoah Valley Golf Club offices. The combinedSetf&uppliedusersfor
nonagiculturaldemand were estimated at 0.77 MGD.

An estimated 18,827 people were not serviced with residential community water supply. Multiplying
the that population times an average 75 gallons per day per capita yielded 1.41203 MGD not on
municipal water. An additional portion of that population is serviced by one other residential
nonmunicipakcommunity water systemthat consumed an estimated 0.0106GD. Therefore,1.41203
MGD minu€.0106 MGD yields 1.40143 MGD of water that is estimated to service the remaining 2008
County population. This amount is estimated to increase at the rates provided for the towns (12.19
percentby 2020, 11.6@ercentby 2030, ad 9.9ercentby 2040). The County estimates of water use
for populations not servicedy communitywater systemsre reflected in the demand figures.

In addition, to the above demand, a natural gas generating facility owned by Dominion Power was
permitted and is expected to go dine in 2015. The Town of Front Royal plans to provide water to
Dominion Power Assuming average daily use, the annual volume of water for Dominion Power would
be 146,000,000 gallons (0.4 MGD) to be provided by Front Royal startingin the year2015. The
following water use for the planis added to water demand in Warren for Dominion use by 2015:

Peak Demand652,320 gpd Water
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Peak Demand295,260 gpd Sewer
Average Demand400,000 gpd Water
Average Demand160,000 gpd Sewer

The projected future water demands in Warren County are presented in the tables below. In general,
additional rural development will require groundwater well construction to meet future needs in areas
outside community water service system

Projected .
Population Estl_mate_d Estimated VD.H
. Resultant Residential Permitted
Projected on Wells Peak Water
Year X . Demand | Average Well System
Population (Minus Demand .
S ——— (gpd) Water Demand (MGD) Capacity
Areas) (MGD) (MGD)
2008 31,584 75 N/A
2010 37,575 23135 75 1735125 1.735| N/A
202 45,722 29653 75 2223975 2.224 | N/A
2030 53,092 35549 75 2666175 2.666 | N/A
2040 65,143 45189 75 3389175 3.389 | N/A
Notes: Per capita Method: estimated water demand = projected population x gpcd wegte
factor
Assumed industry standard peaking factor of 1.5 because peak days are not recorded t
County

Projected Disaggregated Demargised on

2008 Disaggregated Water Use Data

Projected Disaggregat Water Demand (MGD)
Commercial
Institutional

Year Light Estimated Total
Industrial Heavy Livestock Ag Users Private
Private SSU| Industrial Self Supplied Use (estimated) | Estimated
CWS (gpd) (gpd) (gpd) Users (gpd) (9pd) (gpd) (gpd)
2008 1,620,000 770,000 1735125 104000 727,000| 4,956,125
2010 1,620,000 770,000 1735125 104000 727,000| 4,956,125
2020 1,620,000 770,000 2223975 104000 727,000| 5,444,975
2030 1,620,000 770,000 2666175 104000 727,000| 5,887,175
2040 1,620,000 770,000 3389175 10400 727,000| 6,610,175

Notes: Assumed categorical water use percentages would remain consistent through the projection period.

Town of Front Royal:

Projected water use in the Town of Front Royal was calculated from 2008 water average daily water use
of 2.048MGD and peak day usage in 2008 was 3.35 MGD. Based on projected uses, the Town of Front
Royal will meet residential water use and peak uses through 2040 with a permitted capacity of 4 MGD.
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It should be noted that disaggregated water use for othextees such as business and system losses is
not included in this estimated demand (was not reported for by most Towns).

Town of Front Royal Projected Annual Average & Peak Demand

Estimated Estimated VDH Permitted
. Water Use Resultant Residential Peak Water
Projected System
Year Population Factor Demand Average Demand o
p (gpcd) (gpd) Water Demand (MGD) (MpGD)ty
(MGD) (Estimated 1.1)
2008 14,270 125 1.784 1.962 3
2010 14,440 125 1.805 1.986 3
202 16,069 125 2.008 2.209 3
2030 17,543 125 2.193 2412 3
2040 19,954 125 2.494 2.743 3
Notes: Per capita Method: estimated water demand = projected population x gpcd water use factor
Assumed industry standard peaking factor of 1.5 because peak days are not recorded by County
2008 Per Capita Water Use Factor 2008 Water Withdrawal Peaking Factor
2008 Average 2008
2008 Per Capite 2008 Per Day Peak Day
2008 Water Use Water Use Capita Water Withdrawal Withdrawal Peak By / Avg
(MGD) (MGPCD) Use (gpcd) (MGD) (MGD) Day (MGD)|
2.264 158 January 2.197 2.347
February 2.218 2.325
March 2.123 2371
April 2.13 2.412
May 2.103 2.539
June 2.363 2.585
July 2.39 2.611
August 2.394 2.664
September 2.273 2.652
October 2.306 2.642
November 2.287 2.541
December 2.384 2.225
Avg 2008 Water Withdrawal Peaking
Factor 29.914
29.914
2.264 2.493 1.1

The overall projected demand for the planning region is basegrojected populations as summarized

below.

NSRVC Water Supply Plan: Population & Projections
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Avg. % of
County
% County | Population
Decennial Census Count Projected Population* Population | 20002010
County Town 1970 1980 1990 2000 2010 2020 2030 2040" | 2000 ’ 2010
Clarke County | 8,102 9,965 | 12,101 | 12,652 | 14,034 | 18,320 | 21,230 | 26,027
Berryvill
e 2,963 4,185 4,877 5,651 6,928 | 23.4%)| 29.8%| 26.6%
Boyce 426 589 693 803 984 3.4% | 4.2% 3.8%
Frederick
County 28,893 | 34,150 | 45,78 | 59,209 | 78,305 | 95,648 | 114,539| 142,853
Middlet
own 1,015 1,265 1,626 1,947 2,428 | 1.7% | 1.6% 1.7%
Stephen
s City (Town) 1,146 1,829 2,009 2,405 3,000 | 1.9% | 2.3% 2.1%
Page County 16,581‘ 19,401‘ 21,690 | 23,177 | 24,042 | 25,659 | 27,038 | 28,539
Luray 4,871 4,895 5,311 5,597 5,908 | 21.0%| 20.4%| 20.7%
Shenand
oah (Town) 1,878 2,373 2,309 2,433 2,568 | 8.1% | 9.9% 9.0%
Stanley 1,326 1,689 1,642 1,730 1,826 | 5.7% | 7.0% 6.4%
Shenandoah
County 22,82 | 27,559 | 31,636 | 35,075 | 41,993 | 49,427 | 56,927 | 66,906
Edinbur
g 813 1,041 1,186 1,366 1,606 | 2.3% | 2.5% 2.4%
Mount
Jackson 1,664 1,994 2,323 2,676 3,145 | 4.7% | 4.7% 4.7%
New
Market 1,637 2,146 2,422 2,789 3,278 | 4.7% | 5.1% 4.9%
Strasbur
g 4,017 6,398 7,573 8,963 | 10,609 | 11.5%)] 15.2%| 13.4%
Toms
Brook 255 258 345 398 468 0.7% | 0.6% 0.7%
Woodst
ock 3,952 5,097 5,783 6,660 7,828 | 11.3%| 12.1%| 11.7%
Warren County 15,301‘ 21,200‘ 26,142 | 31,584 | 37,575 | 45,722 | 53,02 | 65,143
Front
Royal (1) 13,589 | 14,440 | 16,069 | 17,543 | 19,954 20.0%




Front
Royal (2)

13,589

14,440

19,660

22,830

28,011

88

43.0%

38.4%

40.7%

Notes:

*Projected using US Census 1210 and Virginia Employment Commission (2020, 2030) for extrapolated straightline projectio20®6rto 2030

/2040 population estimated using % change 2000 t
2030

Population estimates for Mount Jackson, New Market, Strasburg and Woodstock in Shenandoah County include an additionjelcB@¥4ugure growth rate increase

Front RoyalX) Assumes 20% of the County population resides within the town

Front Royal (2) assumes trend of average % of county populationZID




6.0 WATER DEMAND MANAGEMENT

Thissection of thereport documents a survey, titled For110, of the localities, as stiptigad in Section

9 VAC 2580-110. Adetailed compilation of the survey is presented in Table 2: NSVRC Combined
Results of Survey Form 110, appended to this repBetction 110, entitled Water Demand Management
Information, includesa survey of water efficiency practices, water conservation (raising awareness and
financial incentives), and water loss reduction efforts in use by the localities. Subsection B addresses
future planning efforts of water use demands, pursuamggction 100 D of the code. Future water
planning analyses of population estimates and demand uses will address and incorporate water
conservation practices, techniques, and technologies available. Below is a summary of the Form 110
surveys in our regiowhich is presented in Table 1, listing the yes or no response to questions within the

categories. Detailed answers to the individual survey questions are presented ir6Pable

Shenandoah Valley Regional Commission

Table6.1: Summary of Form 110 Answers for Localities in the Northern

Locality Water Use Efficiency | Water Conservation Water Loss Reduction
Clarke County 1-Y,8-N 5-Y,9-N 6-Y,3N

Frederick County 0-Y,9-N 2-Y,12-N 3-Y,5N, &1

Page County (Old Farms) 1-Y,7¢N, ENA 0-Y,14N 1-Y,8-N

Page County (Egypt Bend) 1qY, 6¢N, 2NA 1qY, 1N, 1gNA 4¢Y,5N

Page Public Water Systems | 0-Y, 8¢ N, :NA 0-Y,10¢N, 4 NA 0-Y, 6¢N, 3NA
Shenandoah County 0-Y,9-N 0-Y,14N 4-Y,5N

Stoney Creek 0-Y,9¢N 1¢Y, 13N 6-Y,3-N

Warren County 1-Y,8-N 4-Y,10-N 0-Y,9-N
Winchester City 3-Y, 5N, :NA 7-Y,7-N 6-Y,3N

Town of Berryville 1-Y,8N 4-Y,10-N 6-Y,3-N

Town of Boyce 0-Y,9-N 4-Y,10-N 4-Y, 3¢ N, :NA, INV
Town of Edinburg 0-Y,9-N 3-Y,11-N 5-Y,4-N

Town of Front Royal 0-Y, 8¢N, - NA 6-Y,8N 7-Y,2-N

Town of Luray 1-Y,6¢N, 2NA 3-Y,8¢N, 3NA 1-Y,7¢N, = NA
Town of Middletown 1-Y,8-N 7-Y,7-N 6-Y,3N

Town of Mount Jackson 1-Y,7¢N, :=NA 2-Y, 9N, 3NA 4-Y,4¢N, - NA




Town of New Market

0-Y,8¢N, :=NA

0-Y, 14N

4-Y,5N

Town of Shenandoah

0-Y,9-N

1-Y,13-N

4-Y,5N

Town of Stanley

1-Y,6CN, 2NA

3-Y,8¢N, 3-NA

1-Y,7¢N, - NA

Town of Stephens City* 1-Y,0¢N, 8-NA 2-Y,0¢N, 12-NA 1-Y,2-N
Town of Strasburg 0-Y,9-N 3-Y,11-N 6-Y,3N
Town of Toms Bk 0-Y,9-N 1-Y,13N 6-Y,3N
Town of Woodstock 0-Y,8¢N, 1-NA 1-Y,13N 4-Y,5N
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Y- Yes answers, NNo answers, N4 Not Applicable, ¢ Incomplete, * Needs Verification

6.1 Water Use Efficiency:

In general, the localitis had the least measures in place addressing water use efficiency practices listed
by DEQ in the survey form; although several localities are considering adopting practices to improve
water efficiency. Most of the localities have adopted the Virginidddmi Statewide Building Code, but

it is enforced through th&ounty (example, the si¥owns ofShenandoah County do not havevin

Qodes to that effect beaase it is enforced through Shenandoah Colintlarke County an@iowns had
water-efficient landscapig ordinances or site plans encouraging xeriscaping. No localities had
homeowner associations with low water use known, and several rural areas had no homeowner
associations. Two localities adopted ordinances declaring wasteful water use unlawésgpdnse to
whether the localities implemented practices for irrigation efficiency, only one had irrigation measured
but at least three others were considering metering irrigation. Only one locality had a water supplier
tA&GSR 2y ! ®{ o rtBersllisD dn additiah oNde Waey affifiendylpractices listed by DEQ,
alternative practices were implemented throughout several localities.

6.2 Water Conservation:

Fourteen questions address water conservation measures within the planning area,\ogseater

through a reduction in water use. These questions include financial incentives and educational
awareness, among other water reduction measures. Five localities have an ordinance to address water
conservation through reduced water use and atdethree are considering adopting such an ordinance.
Three locality water suppliers developed and implemented water conservation plans and two are
considering conservation plans. Over half the localities adjusted their standard operating procedures to
improve water conservation and have low flow fixtures. Two localities used State Clean Water revolving
funds to upgrade their wastewater treatment and one uses the return water system on wastewater
treatment to irrigate landscaping at the town faciliti®o revolving funds were used to promote water
conservation, and most were unaware that option was available. Only one locality offers yard taps to
customers to reduce outdoor water use, although another locality is considering outdoor faucets.
Thirteen bcalities have implemented public education programs to raise awareness about water usage.
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No localities offer funding incentive programs (rebates, tax breaks, vouchers, etc.) to encourage
customers to reduce water use although seven water suppliers immgaiés a rate structure that
discourages excessive water use.

6.3 Water Loss Reduction:

Form 110 includes nine questions that address water loss through leak detection maintenance and
repair programs. Seventeen localities have source and service watezatammmeters. Thirteen

localities implement operating strategies for leak detection and regularly schedule periodic water audits.
No localities have an ordinance in place to repair leaking water fixtures, appliances, or plumbing,
although one jurisdictin removes sewer charges if proof of leak repair is provided. No localities have
used Clean Water State revolving funds or Drinking Water State revolving funds to install water meters
in the distribution system. The majority of localities have the folhgwheasures: policies to prohibit
unauthorized water hydrant connections, strategies to repair main leaks, include dedicated funds on
capital improvement plans or master plans to upgrade existing facility infrastructure to reduce water
loss. Nine localis have developed and implemented public education programs to reduce customer
water loss. Four jurisdictions implement water loss reduction practices in addition to others listed by
DEQ on the survey form.

6.4 Summary:

In conclusion, the process of garing data for the surveys resulted in raising locality awareness of

water efficiency practices and ordinances they could consider. Overall, it was noted during individual
meetings with jurisdictions the survey increased concepts of water conservatiotiggmavailable. The
NEIA2yQa 2dzZNAaAaRAO(GARZYAa aKz2g¢g OFNBAY3I tS@Sta 2F gt i
that the localities had the greatest number of measures in place addressing water loss reduction,
primarily through their leak etection maintenance programs. It was noted that repairs are necessary
and since the survey, several localities have since contacted the NSVRC Executive Director to assist in
investigating use of economic stimulus funds for water distribution repairthexhree categories,

water use efficiency was the area with the least measures in place. The REMBE Water

Conservation workshop for locality land use managers, planners, and public works to present expertise
in drought management, water efficienbgst practices, and drought ordinances. It is anticipated that

the increased awareness in water conservation will continue throughout the water supply planning
process and result in increased water efficiency.

6.5 Practices to Address Water Loss

Unaccainted for water losses is water lost thrghout the distribution systenn leaks, unnecessary

system use, theft, or wasted water. Control measures to monitor and ultimately minimize water loss
can be implemented by localities to reduce water loss. Tist &tep is to conduct a detailed water
efficiency audit to determine what constitutes the water lost for each locality. Then a comprehensive
leak detection and repair program would be promoted to improve water efficiency. Capital projects and
Community @velopment Block Grant opportunities for funding such leak improvements could be
sought after. Meter upgrades and routine performantsectionswould be useful. Offering leak
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detectionfor all residents is a service each locality should offer to asat homeowner / renter in
identifying water leak issues and encourage remediation. For example, a locality couldfviéer a
percentwater bill savings for a month if the resident included a recipt water leak repairin
addition, water conservain practices could be implemented by citizens by raiaingrenesof water
loss and conservation practiceShe low water energy efficient appliances could be encouraged to
retrofit older homes. The Virginia Uniform Statewide Building Code section§rthiathe maximum
flow of urinals, water losets, and appliances in 1994ll be adopted in all new building and houses.

The primary actions to assist in water conservation include educational measures and installation of
water conservation fixtures suas improved source and connection meters, improved maintenance for
meters, line replacements, and other practices or policies to track unauthorized water loss (theft,
hydrant flushing, etc.). dcalities are encouraged to join free-tine journals for reommendations to
reduce water losses such as Center for Water Efficiency Newsletter or the Journal for Water Resource
Management found alhttp://www.wa terefficiency.net/subscription/watesefficiencysubscription
form-14598.aspxThe Center for Water Efficiency members can pay a fee and receive access to leak
detection services and recommended water conservation actions.



http://www.waterefficiency.net/subscription/water-efficiency-subscription-form-14598.aspx
http://www.waterefficiency.net/subscription/water-efficiency-subscription-form-14598.aspx

7.0 DROUGHT RESPONSE andTTRGENCY PLANS

93

The mandated Water Supply Plan, set forth MAC 25780-120, requires a locality to specify how a
drought or low water condition is declared, what actions they will implement to conserve water under
such a condition, and how they will @née water conservation actions. This Drought Response Plan is a
section of the Northern Shenandoah Valley Regional Water Supply Plan and also isacstand

document that establishes a coordinated response to drought for the City of Winchester afigdethe
Counties of Clarke, Frederick, Page, Shenandoah, and Warren. The Plan identifies duties and
responsibilities of localities to manage water resources during drought and low water events (such as
equipment failure or contamination) to minimize adveisgacts on public health and safety, economic
activity, and environmental resources; and help preserve the water supply throughout the planning

area.

This Regional Drought Response Plan is divided into the following sections:

A. Drought Stages

B. Locality Dearation
C. Actions in Response to Drought Stage

A. Drought Stages

Stateregulationsstipulatea minimum of three draght stages be included in the Watarg®ly Drought
ResponseXctions. The Northern Shenandoah Valley Regional Watkl JLJf &
Section includes these three graduated stages of a drought:

Drought o .
Description Action
Stage
Drought potential | Increase water conservatior
Watch if conditions awareness; voluntary action|
persist by citizens
Water conservation
. Onset of drought i§  awareness; precautionary
Warning . .
imminent measures voluntary but
encouraged by localities
L Mandatory responses for
Significant drought y resp .
Emergency water conservation by
or low water event ;. .
localities and public

t htiIRgSppbase 5 NB dz3
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Jurisdictions will have varied declarat®oof a drought in part due to water sources, water demands,
dzLJAGNBLFY 61 GSNJ gAGKRNI gl fax INRdzyRel 6SNR&A RSElF@&SR
failure, and local variations in meteorology and soil moisture.

Local ordinances adopted by theealities within this planning region are appended to the Drought
Response Section of the Water Supply Plan. The ordinances document jurisdictional commitment to
water conservation implementation and enforcement of the Drought Response Section.

B. Locdity Declaration of a Drought Stage

A drought is a period of time characterized by deficits in precipitation, low soil moisture, and surface and
subsurface water levels below normal. The physical water shortages adversely affect people, crops, and
animals

A drought phase will be declared when conditions exist that less water is present than under normal
streams flows under specific meteorological situations. Public declaration of the drought stage will be
determined by the local water purveyor, Chief Aidistrative Officer (CAO), or designee as determined
by the locality A water purveyor is g@ublic utility, municipalvater company, countyvater district, or
municipality that delivers drinkingiater to customers. Any localities purchasing water from another
locality shall follow all drought stage declarations made by the local wateepar and CAO/designee

of the jurisdiction where water is purchased.

The Northern Shenandoah Valley Regional Commission (NSVRC) will act as a clearinghouse to assemble
local drought stage designations and broadcast results to the general public amisditfions within

the planning region through electronic communication and website postings. The NSVRC staff will
communicate with the upper headwaters area in the Central Shenandoah Planning District Commission

area and will convey upstream drought catiwhs to the Northern Shenandoah Valley region

jurisdictions. Results of upstream water supply conditions will also be posted on the NSVRC website to
provide a comprehensive watershedde assessment of drought declarations within the Shenandoah

Valley2 FIFOAtAGEFGS t20FtAGASAQ g NBySaa 2F G(KSANI g1

Whenone or moreof the following conditions are present, the local water purveyor, CAO, or designee
may consider a Drought Stage declaration:

Drought Watch Stage

e Alocal trigger indicatesatch level (at a predetermined level) or

¢ DEQ drought website indicates 2/4 boxetlow for the area
http://www.deq.virginia.gov/watersupplyplanning/drought/shemdoah/current.htm]
or

e A nearby subwatershed trigger indicates watch levels



http://en.mimi.hu/environment/water.html
http://en.mimi.hu/environment/water.html
http://en.mimi.hu/environment/water.html
http://www.deq.virginia.gov/watersupplyplanning/drought/shenandoah/current.html
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Drought Warning Stage

¢ Alocal trigger indicates warning level (at a predetermined level), or

¢ DEQ drought website indicates 2/4 boxeangefor the area
http://www.deq.virginia.gov/watersupplyplanning/drought/shenandoah/current.htmil
or

¢ A nearby subwatershed trigger indicates warning levels

Drought Emergency Stage
e Alocal trigger initates emergency level (predetermined level), or
¢ DEQ drought website indicates 2/4 boxesd for the area
http://www.deq.virginia.gov/watersupplyplanning/drougfghenandoah/current.html|
or
¢ A nearby subwatershed trigger indicates emergency levels

Local Water Sources

Twenty localities in the planning region draw their water supply from three subwatersheds in the

Shenandoah River basin: the North Fork of the Shéoah River watershed, the South Fork of the

Shenandoah River watershed, and the watershed of the main stem of the Shenandoah River. Water
82dz2NOS& gAGKAY G(GKS NBIA2yQa adosl i SNEKSRa OFNE Ly
water purchasd from another jurisdiction. The water sources and subwatersheds for each locality

within the region are shown in Table 1, below (Note: stream surface water = SW, groundwater = GW,

quarry = Q). Table 1 lists the watershed where the source intake is Iocaiedecessarily the

watershed of the jurisdiction using the water. For example, the City of Winchester is located in the

ddzo 6 GSNEKSR 2F GKS YFIAYy adGdSy 2F GKS {KSyYylIyR2IK w
the subwatershed of the NortRork of the Shenandoah River in Strasburg.

TABLEMY 2 GSNJ { 2dz2NDSQa  Lyadl |

North Fork of the Sslg:ZnZ?)th Main Stem
Locality Served Shenandoah River River Shenandoah
Watershed Watershed River Watershed

Shenandoah County GW
New Market GW

Mt Jackson GW
Edinburg GW
Woodstock sSw

Toms Brook GW



http://www.deq.virginia.gov/watersupplyplanning/drought/shenandoah/current.html
http://www.deq.virginia.gov/watersupplyplanning/drought/shenandoah/current.html
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Strasburg SW
Page County GW
Shenandoah Town GW
Stanley GW
Luray GW
Warren County GW GW
Front Royal SW

Quarry & Purhase
Frederick County from Winc SW /
GW)

Purchase (SW)
Middletown
From Winc

Purchase (SW/GW)
Stephens City

From FCSA
City of Winchester SW
Clarke County GW
Purchase
Boyce
From CCSA
Berryville SwW

Additional water source data for eaabchlity is presented in Appendix A.

Local Triggers:

Each locality has selected local triggers to monitor and use to declare a drought or low water condition.
Typically triggers include a stream level measured at a gage or a groundwater level measured at
specified level in a wklif available A locality may assume a trigger is activated when either their local
trigger has reached a predetermined level and / or a trigger from a neighboring jurisdiction within the
same subwatershed has been reached. I&@@&summarizes local triggers and subwatershed triggers to
be used when considering a drought stage declaratidhe USGS streagage website
http://va.water.usgs.gov/duration_p lots/daily/dp01634000.htm includes daily streamflow percentiles
(10-25"%, 8" ¢ 10"%, and below %) of historic flows for a specific datEor localities with trigger

levels set at percentile flows not posted on the website, the water purveyor alilutate flows to assess

if conditions warrant a drought stage declaration.



http://va.water.usgs.gov/duration_plots/daily/dp01634000.htm
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Drought Trigger Table for the Northern Shenandoah Region:

TABLE 2: LOCAL TRIGGERS FOR WATER LEVELS
. Drought or Low Groundwater/ . . Local
Locality Water Stage Spring Surface Water/ Reservoir Other Triggers/Gages
GW levels fall C"f’l‘lr Ze ?Oumy
between the 10" & o TS 6
Watch 25" percentile and Stream flows fall between the drought / low
the gEQ Drought 10" and 25" percentile water stage
| when two or
website Watch stage IO e
GW levels fall low water. The
between the 5" & 10" resources will
A percentile and the Stream flows fall between the include the
Warning h th :
Clarke County DEQ Drought 5" & 10" percentile County
website Warning monitoring well
stage network; the
DEQ Drought
GW levels fall below Website page;
the 5" percentile and n Spout Run
Emergency the DEQ Drought Stream flows falltlylelow the 5 USGS gage;
website Emergency percentile and Main Stem
stage Millville USGS
gage
Quarry
elevation
Watch measures 657 Elevation for
ft (SC); 502 ft at Stephens City
CB Quarry (SC) Quarry and
Clearbrook
Quarry Quarry (CB);
elevation and USGS Gage
Frederick County Warning measures 650 North Fork
ft (SC); 495 ft at Shenandoah at
CB Quarry Strasburg; will
consider
Quarry Winchester
elevation drought
Emergency measures 645 declaration
ft (SC); 495 ft at
CB Quarry
USGS Gage
Watch bet?/vvgellf\;ﬁf {gllh & Stream flows fall between the South Fork
251 percentile 10" and 25" percentile Shenandoah in
p Luray;
Page County GW levels fall Rockingham
Warning between the 5" & 10" Stream flovgféayol?l?meen the County USGS
percentile GW Well 41Q 1
Emergency G\t?]/elegf Lsefrzzlilegﬁllgw Stream flows fall below the 5"
Groundwater Thresholds for
capacities in local rﬁﬁgﬁﬁ;érggﬂ
Shenandoah Watch wellstlall benNgen Y]
County 10% and 20 from local wells
percentile and DEQ o
Drought website b
demand,




Groundwater
capacities in local
wells fall between 5"
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pumping
capacities and
not solely on the
level of water in

Warning th ;
and 10" percentile the well, which
and DEQ Drought will also be a
website factor.
Therefore, if
while pumping
22 hours a day(8
percentile of
capacity) for a
period of time for
whatever reason
but the well
Groundwater head is still at
capacities in local 25% of normal,
EMETEENEY wells fall below 5" warning
percentile measures would
be enacted.
h Stream flows fall between the USGS Gage
WEE 10" and 25" percentile South Fork in
St flows fall between th PR
. ream flows fall between the
Warnin N USGS Gage
Warren County < 5" & 10" percentile North Fork
N Shenandoah at
Stream flows fall below the 5" Strasburg,
EMETEENEY percentile USGS Gage
Passage Creek
Stream flows fall between the
BT 10" and 15" percentile (or
below 80 cfs) for a period of
consecutive days.
USGS Gage
City of Stream flows fdlbetween the North Fork
. : 5" and 10" percentile (or Shenandoah
Winehester LTl below 72 cfs) for a period of NorSth Fot:k near
consecutive days. TEEIIE
Stream flows fall below the
S 5™ percentile (or below 63
gency cfs) for a period of 5
consecutive days.
Stream flows fall between the
Watch 10" and 25" percentile
Town of . Stream flows fall between the UsGSiEageiol
Berryville VT 5" & 10" percentile Shepagdoal]
- River at Millville
Stream flows fall below the 5"
BT percentile
GW levels fall Follow drought
Watch between the 10" & declaration by
25" percentile Clarke County
Town of Boyce based on Clarke
GW levels fall County
Warning between the 5" & 10" Monitoring Well
Network

percentile




Town of Edinburg

Town of Front
Royal

GW levels fall below
the 5" percentile
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DEQ Drought
Website for
Shenandoah County

DEQ Drought
Website, plus weekly
monitoring of Well #1

Static head of water
in Well #1 drops
below 10 feet for

seven consecutive
days (water
monitored several
times a day). Town
will lower the pump in
the well to assist with
water delivery and
downgrade to a
Drought Warning
depending upon Well
#1 water level and
the DEQ website.

400 cfs, voluntary

340 cfs, Mandatory

240 cfs, Mandatory

Per Town DEQ
withdrawal
permit based
upon flow in the
river at various
flow rates for the
USGS Gage
South Fork in
Front Royal




10% Overall
Reduction in
Available Water
(Source Water,
Finished Water,
and/or Stored Water);
1.80 decre
Static Level of Hite
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Note: *Static

Wateh Spring*; 6 Water Level in
in the Static Level of Hite Spring is
Lake Arrowhead; measSredgal
DEQ Website i 4 least one (1)
Square for Page hour after the
County; and Local Umpin
Well** and Local **IIJ_OCE'ljl Vséll
Surface Water Data Data includes an
15% Overall evaluation of the
Reduction in static water level
Available Water in Well #6 at
(Source Water, least one (1)
Finished Water, hour after the
and/or Stored Water); pumping.
2.760 decr Surface water
Static Level of Hite references
Town of Luray Warning Spring*; S R
decrease in the Static South Fork in
Level of Lake Luray. Luray
Arrowhead; DEQ Town will
Website i 4 Square consider all data
for Page County; and sources listed
Local Well** and and what other
Local Surface Water towns are doing
Data before making a
declaration of a
20% Overall drought / low
Reduction in water stage
Available Water based on a
(Source Water, collective
dF/'”'SShEd \(IjVater, ) evaluation of all
a3n Oé Otored \éviterr)*e relevant data
- . sources before
Static Levgl of Hite the decision is
Emergency Spring*; made
decrease in the Static
Level of Lake
Arrowhead; DEQ
Website i 4 Square
for Page County; and
Local Well** and
Local Surface Water
Data
Stream flows fall between the
e 10" and 25™ percentile
Follow drought
declaration from
Town of Warning S’(rean?1 flowsihfall between the Winchester;
Middletown 5" & 10" percentile Passage Creek,
Buckton USGS
gage
EEGEE Stream flows fall below the 5"
gency percentile
DEQ Drought
Watch Website for
Town of Mt
Jackson Shenandoah County
Warning DEQ Drought

Website




Static head of water
in local wells drops
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Emergency below the 5th
percentile of historic
records
DEQ Drought .
Watch Website for U.SGS gaging
Shenandoah County station at Cootes
Store, Broadway
and/or Smith
Warning DEQ Drought erse:dt(i)nbe
Town of New Website conjunction with
Market
local well head
levels for
Static head of water drought / low
e in Igg;lv\\/’v[er:les SdIrﬁps Stream flows fall below the 5" water
; iatar ercentile emergency
percer:’ten(c:aocr)(fj letonc P trigger
USGS Gage
Watch bet?/v\g/elr?\:ﬁies ]f-glllh & Stream flows fall between the South Fork
25" nercentile 10" and 25" percentile Shenandoah in
p Luray, &
Town of
Shenandoah GW levels fall Rockingham
Warning between the 5" & 10" Streagl gorghfaglzeemﬁgn the County USGS
percentile p GW Well 41Q1
EEGERE GW levels fall below Stream flows fall below the 5"
gency the 5™ percentile percentile
USGS Gage
Watch b et(\;/vv!elr? \;ELS {glln & Stream flows fall between the South Fork
255 hercentile 10" and 25™ percentile Shenandoah in
p Luray and
Town of Stanley GW levels fall Rockingham
Warning between the 5" & 10" | Stream flows fall between the County USGS
percentile 5"& 10" percentile GW Well 41Q1
RS GW levels fall below Stream flows fall below the 5"
gency the 5" percentile percentile
Stream flows fall between the USGS Gage
i 10" and 25™ percentile (or North Fork
below 70 cfs) for 7 consecutive Shenandoah at
days Strasburg (or
below 50 cfs) for
7 consecutive
Town of Stream flows fall between the days (Note:
Strasburg Warning 5" & 10" percentile (or below triggers for
60 cfs) for 7 consecutive days existing
Strasburg intake
only; new
Stream flows fall below the 5" streax‘] el
Emergency percentile (or below 50 cfs) for will have new
7 consecutive days drought triggers)
Watch Stream flows fall between the Follow drought
10" and 25" percentile declaration from
Town of Stephens Frederick
City County; USGS
Warning Stream flows fall between the Gage Spout Run

5" & 10" percentile

near Millwood
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Emergenc Stream flows fall below the 5"
gency percentile
Local well
Watch monitoring, See
triggers for
Warnin
Town of Toms ] Shenand_oah
Brooks County, since
water purveyor
Emergency is Toms Brook-
Maurertown
Sanitary District
Stream flows fall between the
Wittty 10" and 25" percentile/
USGS Gage
Town of ) Stream flows fall between the North Fork
Woodstock Warning 5" & 10" percentile Shenandoah at
Strasburg
Emergenc Stream flows fall below the 5"
gency percentile

DEQ Drought Indicator Analysis Website

The DEQ drought indicator analysis website uses adguare icon that is colezoded to indicate
drought stage in the Shenandoah River Basin:

(http://www.deq.virginia.gov/watersupplyplanning/drought/shenandoah/current.hmIThe icon

addresses groundwater, surface stream flow, precipitation, and Pdrmrght Severity Index. The

icon color yellow indicates drought watch stage, orange denotes a drought warning stage, and red
represents drought emergency stage. Localities may reference this website when making drought stage
determinations. When two amore squares are colored yellow, orange, or red, a drought stage
declaration may be considered by a locality.

Governor Declaration:

! RNRdAKG adr3asS vyre ta2 6S GNRIISNBR o6& | RSOf I N
declared by the Governor @abased on the Virginia Drought Assessment and Response Plan and the
professional judgment of the Virginia Drought Monitoring Task Force (Task Force). The Task Force

includes representatives from several state, federal and local agencies, as well asitiesvand non

government organizations. The Task Force monitors stream flows, lake levels, precipitation,

groundwater levels and other climatic indicators. In the event the Governor declares an emergency

drought, there will be an automatic emergency dgiit designation. Likewise, gubernatorial

declaration can rescind a drought stage.

C. Drought Response Actions

While some drought response actions are applicable to all jurisdictions in the planning region (see list
below), other drought response actioase individually determined by each locality based upon the


http://www.deq.virginia.gov/watersupplyplanning/drought/shenandoah/current.html
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environmental setting and their position within the watershed, water source, and political

circumstances. Local water managers and staff will be apprised of Drought Stage declarations through
the use of automated crew messaging / emergency notificatipte: In the event of a prolonged,
multi-seasonal drought emergency, the locality reserves the right to institute a program of water
rationing. It is also important to note that in addition toirlate, drought refers to any low water event

such as a mechanical failure, water theft, and other conditions rendering water unavailable at necessary
flow to meet users in the distribution.

The NSVRC will act as a clearinghouse and provide public ntifiochtiny drought stage declaration
within the region. The public notices will serve to build and raise awareness of the drought status and
educate the public of early water conservation steps individuals and localities can implement. Public
notificationwill occur through the newspaper, public service announcements, notices with water bills,
and the NSVRC website. The locality websites will also the list drought stage and water conservation
actions. The NSVRC website will define the drought stageawittiice that the public will be informed

as to appropriate actions, as listed above. Violators of water use may have names printed in the
newspaper listing the amount of water used during a drought stage.

Drought stage downgrading will be conducted bg tocal water purveyor, jurisdictional CAO, or
designee as determined by each locality. Decisions to downgrade a stage will be based on the local
trigger, DEQ, and other designated triggers as precipitation increases and soil moisture content and
water levels rise in streams and wells.

Proposed Drought Response Actions
1. Drought Watch Actions:

The following are the regional actions to be taken by the respective localities when a Drought Watch
stage is declared by the local water purveyor, CAO, ardisignee of a locality in the Northern
Shenandoah Valley water supply planning region. Water conservation actions listed below will be
encouraged when a Drought Watch is declared. It is possible that the increased public awareness of
water conservatioractivities during a drought watch may reduce water use up to 5%.

¢ A Drought Watch notification will be publicized through the general news media or any other
appropriate method for making such notification public. These include newspapers of general
circulation such as Northern Virginia Daily, Winchester Star, Daily News Record, radio 92.5 WINC
FM, television 3, etc.

¢ Localities will include water conservation information on their website on a northern
Shenandoah Valley webpage nsvenvironment hypegtinko the NSVRC.Com website.

¢ Localities will contact the Northern Shenandoah Valley Regional Commission (NSVRC) office
6KSY | RNRBdzAKG &adGlr3sS Aa AYLESYSyGSRo ¢tKS b{zxw/
regional drought website and nsvenviroent webpage.

¢ All citizens, including private well users, will be encouraged to begin voluntary water
conservation actions (see below).



104

e Locality staff will continue to monitor drought trigger indicators on a monthly basis and report
significant changes total officials.

¢ Localities will increase water use efficiency and/or promote use reclaimed water for public
facility landscaping.

e Leak detection consults by localities will be conducted upon request, as staff can support.

¢ Public waterworks an&eltSuppied water users who withdraw more than 10,000 gallons per

day are asked to review and voluntarily implement existing drought water conservation methods as

outlined in this plan.
e The public will continue conservation until water storage (source and disii) is replenished.

Voluntary Water Conservation Actians

¢ Mow lawns to 2 inches or more and leave clippings (higher cut encourages grass roots to grow

deeper to hold soil moisture better than closely clipped lawn.).

e Use mulch around plants to reduceaporation.

e Aerate lawn to reduce evaporation.

¢ Avoid over fertilizing your lawn. Fertilizer applications increase the need for water. Apply
fertilizers that contain slowelease, wateiinsoluble forms of nitrogen.

¢ Place rain barrels under gutter downspotscollect water for plants, car washing, or general
cleaning projects.

e Plant native or dnfoving (xeric) plants in landscaping.

e Do not use the garbage disposal.

e Use automatic dishwasher only when load is full.

e Limit showers to 5 to 10 mins / day / perso

¢ Avoid running water to get cold temp, keep a pitcher of cold water in fridge.

e Wrap hot water heater and pipes with insulating material.

o Install faucet aerators.

2. Drought Warning Actions:

When a Drought Warning stage is declared by the local wateregor, CAO, and/or designee of a

locality in the Northern Shenandoah Valley water supply planning region, the following are the regional

actions to be taken by the respective localities. Water conservation actions and the reduction or
elimination of noressential water uses will be encouraged when a Drought Watch is declared. Itis

intended that water conservation measures listed will generally result in reductions of water use of 5 to

10%.

e A Drought Warning notification shall be publicized through general news media or any other
appropriate method for making such notification public in newspapers of general circulation and
radio and television.

e Localities will include water conservation information on their website.
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e Localities will contact the Nithern Shenandoah Valley Regional Commission (NSVRC) office
6KSYy G(KS 5NRBAAKG 2FNYyAy3a adGr3aS A& AYLIESYSYGaSRo
status on the regional drought website and nsvenvironment webpage.

e Public waterworks an&eltSuppliedwater users who withdraw more than 10,000 gallons per
day will initiate voluntary water conservation measures.

¢ All local government offices and institutions should constderreduction or elimination of non
essential water uses with the goal of reducimgter usage by 5 to 10%.

e Locality staff will continue to monitor drought triggers monthly to indicate levels and report
significant changes to local officials.

e Leak detection consults by localities will be conducted upon request, as staff can support.

e (ontinue conservation until water storage (source & distribution) is replenished.

e All citizens, including private well users, will be encouraged to voluntarily reduce or eliminate
non-essential water uses (see under Drought Emergency Actions) and followatBeconservation
actions.

Voluntary Water Conservation Actions

In addition to those actions listed under the Drought Watch section:

e Use a broom instead of a hose to clean driveways, walks and patios.

e Do not wash hard surfaces or buildings.

e Turn offornamental fountains or other such structures, unless the water is recycled.

¢ Reduce lawn watering to no more than 2 times a week, between the hours of 9:00 p.m. and
10:00 a.m.

¢ Reduce vegetable garden watering by watering only when needed, between thedfdufi0
p.m. and 10:00 a.m.

e Apply water directly to plants by using ssdakers or drip irrigation. Avoid use of sprinklers.

e Do not plant new landscaping or grass.

3. Drought Emergency Actions:

The following mandated actions will be implemented whedraught Emergency is declared by the
local water purveyor, CAO and/or designee of a locality in the Northern Shenandoah Valley water
supply planning region. The nessential uses listed below are prohibited during the drought
emergency stage.

¢ A DroughtEmergency notification shall be publicized through the general news media or any

other appropriate method for making such notification public.

¢ Localities will include water conservation information on their website.

e Localities will contact the Northerrh&nandoah Valley Regional Commission (NSVRC) office

6KSYy G(KS 5NRdzAKG 2FNYyAy3a adlr3asS Aa AYLESYSyi(iSRo
status on the regional drought website.
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e All citizens, including private well users, will initiate the mandatany-essential water use
restrictions listed below and follow the water conservation actions listed under the Drought Watch
and Warning sections above.

e Public waterworks an&eltSuppliedwater users who withdraw more than 10,000 gallons per
day will initate the mandatory noressential water use restrictions listed below and follow the
water conservation actions listed under the Drought Watch and warning sections above.

e All local government offices and institutions will initiate the mandatory-eesentid water use
restrictions listed below with the goal of reducing water usage by 10 to 15%.

¢ Localities will be authorized to adopt local ordinances to enforce the mandatorgssential
water use restrictions listed below and to establish, collect, andnd&es for violations of these
restrictions.

e Locality staff will continue to monitor drought indicators on a monthly basis and report
significant changes to local officials.

¢ Localities may consider developing increased conservation rate charges aargecto respond
to drought conditions.

¢ All users continue conservation until water storage (source & distribution) is replenished.

¢ Commercial customers are to follow the mandatory ressential water use restrictions listed
below, where appropriate.

e All aher residential, business and industrial water users; whether supplied by public water
supplies SeltSuppliedsources, or private water wells; who do not normally utilize water for any of
the nonessential uses listed below are requested to voluntagtjuce water consumption by at
least 10%. This reduction may be the result of elimination of otheressential water uses,
application of water conservation practices, or reduction in essential water uses.

Non-Essential Water Uses

The following noressential water uses will be prohibited during periods of declared drought
emergencies. Below each nessential use is a list of exceptions. These prohibitions and
exceptions will apply to uses from all sources of water and will only be effective odiaidiral

locality basis when a locality in the Northern Shenandoah Valley water supply planning region
declares a Drought Emergency. The conservation actions listed in the Drought Watch and Warning
section of the Northern Shenandoah Valley Drought Plaroiree mandatory during the Drought
Emergency stage.

Local governments and public waterworks may impose water use restrictions more or less stringent
than the mandatory noressential water use restrictions listed below consistent with local water
supply caditions at any time. Nothing contained in this drought response plan should be construed
to limit the powers of the local governments to adopt and enforce local emergency ordinances as
necessary to protect the public welfare, safety, and health.
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Wateruse restrictions shall not apply to the agricultural production of food or fiber, the
maintenance of livestock including poultry, nor the commercial production of plant materials so long
as best management practices are applied to assure the minimum ansbwater is utilized.

1. Unrestricted norcommercial watering (public or private)

Lawn Irrigation Exceptions

- Newly sodded and seeded areas may be irrigated to establish cover on bare ground at the
minimum rate necessary for no more than a period oflé@s. Irrigation rates may not exceed one
inch of applied water in any 7 day period. Consider delaying seeding or sodding of new lawns.

- Gardens, bedding plants, trees, shrubs and other landscape materials may be watered with
hand held containers noteeeding three (3) gallons in capacity. Watering may be done between
the hours of 9:00 p.m. and 10:00 a.m. to avoid the heat of the day. Do not use sprinklers.

Golf Course Irrigation Exceptiens

- Tees and greens may be irrigated between the hours@d :m. and 10:00 a.m. at the

minimum rate necessary.

- Fairways may be irrigated between the hours of 9:00 p.m. and 10:00 a.m. at the minimum rate
necessary not to exceed one inch of applied water in anydgnperiod.

- All allowed golf course irrigatn must be applied in a manner to assure that no runoff, puddling
or excessive watering occurs.

Athletic Field Irrigation Exceptions

- Athletic fields may be irrigated between the hours of 9:00 p.m. and 10:00 a.m. at a rate not to
exceed one inch per afipation or more than a total of one inch in multiple applications during any
ten-day period. All irrigation water must fall on playing surfaces with no outlying areas receiving
irrigation water directly from irrigation heads.

- Athletic fields may be igated between the hours of 9:00 p.m. and 10:00 a.m. during necessary
overseeding, sprigging or resodding operations at the minimum rate necessary for a period that
does not exceed 60 days. Irrigation rates during this restoration period may not exceéettmd
applied water in any seveday period.

- All allowed athletic field irrigation must be applied in a manner to assure that no runoff,
puddling or excessive watering occurs.

- lIrrigation is prohibited on athletic fields that are not scheduleduse within the next 12@ay
period.

2. Use of Fire Hydrants

Exceptions

- Except for necessary governmental operations such as firefighting, health protection purposes,
or certain testing and drills by the fire department as approved by the local goesrtnon

waterworks operator

3. Washing of paved surfaces such as streets, roads, sidewalks, driveways, garages, parking areas,
tennis courts, and patios; flushing of sewers and hydrants
Exceptions
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- Surfaces may be washed with hand held containers rogeding three (3) gallons in capacity.
Washing should not occur during the heat of the day.

- As needed to ensure public health and safety, and approved by the local government or
waterworks operator

4. Washing or cleaning of mobile equipment includingpmobiles, trucks, trailers and boats
Exceptions

- Mobile equipment may be washed at car washes that utilize reclaimed water as part of the wash
process or reduce water consumption by at least 10% when compared to a similar period when
water use restictions were not in effect. Any facility operating a reclaimed water system must
prominently display, in public view, a sign stating that such a recycling system is in operation.

- Mobile equipment may be washed using hand held containers not exceedig ({B) gallons in
capacity or hand held hoses equipped with automatic shutoff devices provided that no mobile
equipment is washed more than once per calendar month and the minimum amount of water is
utilized.

- Automobile dealers and rental agencies magstv cars that are in inventory no more than once

per week utilizing hand held containers not exceeding three (3) gallons in capacity, hoses equipped
with automatic shutoff devices, automated equipment that utilizes reclaimed water as part of the
wash proces, or automated equipment where water consumption is reduced by at least 10% when
compared to a similar period when water use restrictions were not in effect.

5. Use of water for the operation of ornamental fountains, artificial waterfalls, misting imash
and reflecting pools

Exceptions

- Fountains and other means of aeration necessary to support aquatic life are permitted.

6. Filling and topping off outdoor swimming pools
Exceptions
- Newly built or repaired pools may be filled to protect thenustural integrity.
- Outdoor pools operated by commercial ventures, community associations, recreation
associations, and similar institutions open to the public may be refilled as long as:
- Levels are maintained at mekimmer depth or lower,
- Any vsible leaks are immediately repaired,
- Backwashing occurs only when necessary to assure proper filter operation,
- Deck areas are washed no more than once per calendar month (except where
chemical spills or other health hazards occur),
- All waterfeatures (other than slides) that increase losses due to evaporation are
eliminated, and
- Slides are turned off when the pool is not in operation.
- Swimming pools operated by health care facilities used in relation to patient care and
rehabilitationmay be filled or topped off.
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7. Serving of water in restaurants, clubs, or eaffares
Exceptions
- May only be allowed at the specific request of the customer

The NSVRC staff will continue to receive monthly reports from system operators mairtea sk
share information for local jurisdictions; monitor thMérginia Department of Environmental Quality
(DEQandU.S. Geological Survdy§Gpwebsites; serve as a regional liaison assisting localities to
publish notices of alert levels and water néstions. In addition, staff will maintain a list of mandatory
water conservation actions on the NSVRC website and news media.

Local governments and water utilities may impose more stringent watering schedules. Citizens are
encouraged to contact their &@l water providers for more specific guidance. The water use restrictions
during an emergency stage will be enforced by the locality and a violation of the ordinance will be a
misdemeanor with a penalty fine determined by the locality where the violadmourred.

ThisDrought ResponsBlan is designed to present the best available practices to date; however, the
plan remains flexible to incorporate best technologies as available and actual practices that were
determined to be most suitable in responsereal droughts. The contents of this Drought Response
Plan are subject to revision a minimum of every five years, in accordance with state regulations. In
addition, in the event of a drought, practices and actions that best support drought remediaitidrew
substituted in future plans.

The Counties of Clarke and Warren currently have a drought response plan inlplacglition,
Frederick County has a FCSA Drought management Plan.
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Addendato Chapter 7: Water supply systems
(Surface Water = SW, @mdwater = GW)

North Fork Shenandoah Watershed by Locality from South to North on the North Fork of the
Shenandoah River

¢ Town of New Market Groundwater wells (6 wells)

e Town of Mount JacksogGW wells (5 wells)

¢ Town of Edinburg GW wells (2 wells)

e Town of Woodstoclc SW intake on North Fork Shenandoah River

e Shenandoah CountyStoney Creek Sanitary District GW wells (7 wells)
e Town of Toms BrookGW wells (2 wells)

e Town of Strasburg SW intake on North Fork Shenandoah River

e City of Winchesteg¢ SW inake on the North Fork Shenandoah

South Fork Shenandoah Watershed by Locality from South to North on the South Fork of the
Shenandoah River

e Town of ShenandoatiGW wells (3 wells)
¢ Town of Stanley GW wells (6 wells)
e Town of Luray, 2 Springs and 1 GW wel
e Page Countyprovided by town of Stanle§ GW well system
e Warren County
e Town of Front Roya SW intakes on Sloan Creek, Happy Creek, South Fork of the Shenandoah
River
Main Stem of the Shenandoah Watershed by Locality from South to North on the Nb&&m
Shenandoah River

¢ Town of Middletowng purchase water from City of Winchester

¢ Town of Stephens Citypurchase water from Frederick County Sanitation Authority (FCSA)
e Frederick Countg FCSA Quarries, 3 GW wells, purchase from Winchester

e City of Winclester¢ SW intake on the North Fork of the Shenandoah River

¢ Clarke County Spring water

¢ Town of Boyce from Clarke County Service Authority (CCSA)

e Town of Berryville SW stream intake Shenandoah River (main stem)
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8.0 STATEMENT OF NEED

Wincheger:

The City of Winchester has two water sources (river intake and a spring) with a combined maximum
capacity of 15 MGD. The future growth scenarios increase the demand to 9.11 MGD. This demand can
be met by the existing sources, with an estimated 5@Dsurplus in water supply, as presented below.

Clarke County, Towns of Berryville and Boyce:
Town of Berryville:

Berryville will meet future projected water needs through 2040 based on uses presented below.
However, peak water usage in 2040 exceeddbaent VDH permitted capacity of water. Therefore, a

new permit would be necessary for increased water withdrawal. In addition, implementation of water
conservation techniques will decrease water use by 20% thereby, resulting in future peak days demands
to be met by existing sources.

Town of Boyce:

The existing supplies and permits for water for thewn of Boyce will meet future water demands to

2040 based on water uses projected beloMvshould be noted that a decrease in per capita usage of

132 gpduser would also decrease water demand. A peak factor of 1.2 was used to predict water use on
peak days. If a peaking rate of 1.5 were used, the peak day water use by 2040 would not be met,
although the annual water demand for 2040 would be satisfied.

Frederick County, Towns of Middletown and Stephens City:

In Frederick County there are two towns, both of which purchase water &other locality or entity.
The Town of Middletown purchases water from the City of Wincheskae Frederick County Station
Authority provides water wholesale to the Town of Stephens Qityaddition, Frederick County
Sanitation Authority provides water to County residents located in the vicinity near the City of
Winchester.

Estimates of future water demand for th@serviced by the Frederick County Sanitation Authority

include residential water demand, commercial demand, sales to Stephens City, and unaccounted for
losses.Several assumptions were made including the demand by commercial light industrial users and
will remain the same from 2008 through 204@he quantity of water to be sold to Stephens City will

remain the same from 2008 through 2040, and the unaccounted for system losses will remain the same
from 2010 through 2040, assuming appliance efficiencydisigibution upgrade®ccur. The projected

number of residents to be serviced by the Frederick County Sanitation Authority was assumed to remain
proportionate to the overall County population from 2008 and 20IfGhe Sanitation Authority service
areaincreases based on the projections below and the assumptions of water loss, sales, and commercial
demand remain static, the demands projected through 2040 are as follows.

The permitted design capacity for the Frederick County Sanitation Authority 8 KIGD. The
Bartonsville well site has a capacity of 0.5 MGD totaling 5.42 MGD capacity. The Frederick County
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Sanitation Authority also purchases up to 2 million gallons a day (MGD) from the City of Winchester.
Given the sum total of water available tugh existing water sources of 7.92 MGD, a deficit of water in
Frederick County is anticipated to occur between 2020 and 238e Frederick County Sanitation
Authority service area continues to serve the same percent of the County population asdisies over

time, there will be a proportional increase in residents served by the Sanitation Authbidkyever, it
dK2dzZ R 68 y2G0SR (KFG GKS ANBAYAlLF S5SLINIYSyd 27F |
demand exceeds 80% of the source capaaitigitional water should be securedhe water demand
projected for 2020 is 7.83 MGD which exceeds 80% of the 7.92 source caphatgfore, it is
recommended that between present time and 2020, Frederick County plan for additional water supplies
to mee future demands. Either the Sanitation Authority will have to expand their water supply capacity
and / or the service area will have to remain at or near the number of 2010 residential conne€igns.

as population increases in the County, more resasnwill need to be required to use groundwater

wells.

Town of Middletown:

The Town of Middletown is anticipated to use water at the rates projected below. Given those rates,
the Town will need to look for sources of water by 2030 to meet the demandnthiatxceed the

existing water purchase contract with the City of Winchester. The existing water contract is capped for
Middletown at 0.238 MGD. It should be noted, these preliminary projections of water are based on a
per capita water daily demand thakceeds state averages (152 gallons per day). Calculations using
state averages of 125 gpd per person would lower the demand. Measures of conservation and other
reduction implementation strategies could also significantly reduce the water demand arebtheot
necessitate additional water supplies for the future planning period.

Town ofStephens City

The Town of Stephens City has water supplied by the Frederick County Sanitation Authority. Based on
projections, the Town of Stephen City water usexpected to be met by the existing water system and
supplies through 2040.

Page County, and Towns of Luray, Shenandoah, and Stanley

Based on the ubiquitous nature of groundwater underlying Page County, future demands are
anticipated to be met with grounslater wells.

Town of Luray:

All future users for water in the Town of Luray are anticipated to be met by the existing water supplies
and permitted capacity to the year 2040. The peak demand for 2040 potentially exceeds the permitted
capacity by 2030; heever, daily consumptive uses could implement conservation to extend the supply
of the sources to satisfy future uses.

Disaggregated water use was available for the Town of Luray and is presented below:

System Commercial
Institutional Heavy | Unaccounted
Water System | 101l | pogigenial Light industrial for
Name (MGD) (MGD) Industrial (MGD) Losses




(gpd)
(0.152 MGD)
0,
O‘ii?:rzeg‘sle/o 650/conn- 0.45/user
expected) §0 Comm (0.07% 0.331
Luray .944 pd  4.895 2,125/conn- | increase (averages
gpa X 4,65 LtInd (13% =| expected 35%)
residents in 4 new or 2 new)
2010) expected)
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Town of Shenandoah:

Even with a higher than average per capita usage, the Town of Shenandoah is anticipated to have all
future water demands met by their exiting supplies. See the sumimelogw of future use projections

and have a surplus of 0.3 MGD

Town of Stanley:
Future water demands are anticipated to be met by existing water leegpfor the Town oft&@nley
through 2040 with a surplus of 0.05 MGD for peak days by 2040.

Shenandoah Qanty, Towns of Edinburg, Mt. Jackson, New Market, Strasburg, Toms Brook, and
Woodstock:

Based on future water use in Shenandoah County the existing water supplies from Stoney Creek Sanitary
District and groundwater wells are anticipated to meet future watee. It is assumed that future
development outside water supply service areas will require well development to support housing in

rural areas.

Town of Edinburg:

Future Water useare anticipated to be met by the existing water supplies in the Townliobirg
through the planning period to 2040. As is (with no conservation practices implemented), the 2040
average demand would be met by existing wells supplies with a surplus of 0.172 MGD.

Town of Mount Jackson:

The Town of Mount Jackson will have altevalemands met by existing supplies. The per capita water
usage rate was fairly low for Mount Jackson. The peaking rate was also low for the Town, at 1.2. The
Town will have a surplus of 0.26 MGD in 2040 for average daily use, and a surplus of OCL#& gkak
days by 2040.

Town of New Market:

The Town of New Market will have all future water demands up through 2040 satisfied by existing Town
water sources. By 2040, there will be a surplus of 1.238 MGD on peak days and a surplus of 1.779 MGD
on awerage daily usage days.

Town of Strasburg:
The Town of Strasburg will have water demands met through Town supplies throughout the planning
period of 2040. Based on increased permitted source to 3 MGD it is estimated that given the usage
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predicted in ths Plan, by 2040 the Town will have a surplus.@8MGD for average daily use and a
surplus ofLl.55MGD for peak days.

Town of Toms Brook:

The Sanitary District has a permitted capacity of 0.298 MGD. Calculated future water use for the Town
of Toms Brok will be met throughout the planning horizon of 2040 with a surplus of water from the
existing source, Sanitary District.

Town of Woodstock:

The Town of Woodstock will be able to satisfy all water demands through 2040 from the Town intake on
the Shenandah River. Based on demand calculations, there will be a water surplus of 0.137 MGD by
2040 on peak days and a surplus of 0.191 MGD on average daily use days.

Warren County and the Town of Front Royal

The projected future water demands in Warren Couauty anticipated to be met through 2040. In
general, additional rural development will require groundwater well construction to meet future needs
in areas outside community water service systems.

Town of Front Royal:

Projected water use in the Town ofdfAt Royal was calculated froB908 water average daily water use

of 2.048MGD and peak day usage in 2008 was 3.35 MGD. Based on projected uses, the Town of Front
Royal will meet residential water use and peak uses through 2040 with a permitted capacMGID

It should be noted that disaggregated water use for other sectors such as business and system losses is
not included in this estimated demand (was not reported for by most Towns).

NSRVC Water Supply Plan: Population & Projections

Avg. % of
County
% County Population
Decennial Cesus Count Projected Population* Population 20002010
County Town 1970 1980 1990 2000 2010 2020 2030 2040 | 2000 | 2010
Clarke County 8,102 9,965 | 12,101 | 12,652 | 14,034 | 18,320 | 21,230 | 26,027
Berryville 2,963 4,185 4,877 5,651 6,928 | 23.4%| 29.8%| 26.6%
Boyce 426 589 693 803 984 3.4% | 4.2% 3.8%
Frederick County 28,893 | 34,150 ’ 45,723 | 59,209 | 78,305 | 95,648 | 114,539 | 142,853
Middletown 1,015 1,265 1,626 1,947 2,428 | 1.7% | 1.6% 1.7%
Stephens City
(Town) 1,146 1,829 2,009 2,405 3,000 | 1.9% | 2.3% 2.1%
Page County 16,581 | 19,401 | 21,690 | 23,177 | 24,042 | 25,659 | 27,038 | 28,539
Luray 4,871 4,895 5,311 5,597 5,908 21.0%‘ 20.4%| 20.7%
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Shenandoah
(Town) 1,878 2,373 2,309 2,433 2,568 8.1% | 9.9% 9.0%
Stanley 1,326 1,689 1,642 1,730 1,826 | 5.7% | 7.0% 6.4%
Shenandoah County 22,852 | 27,559 | 31,636 | 35,075 | 41,993 | 49,427 | 56,927 | 66,906
Edinburg 813 1,041 1,186 1,366 1,606 2.3% | 2.5% 2.4%
Mount Jackson 1,664 1,994 2,323 2,676 3,145 4.7% | 4.7% 4.7%
New Market 1,637 2,146 2,422 2,789 3,278 4.7% | 5.1% 4.9%
Strasburg 4,017 6,398 7,573 8,963 | 10,609 | 11.5%)| 15.2%| 13.4%
Toms Brook 255 258 345 398 468 0.7% | 0.6% 0.7%
Woadstock 3,952 5,097 5,783 6,660 7,828 | 11.3%]| 12.1% 11.7%
Warren County 15,301 | 21,200 | 26,142 | 31,584 | 37,575 | 45,722 | 53,092 | 65,143
Front Royal (1) 13,589 | 14,440 | 16,069 | 17,543 | 19,954 20.0%
Front Royal (2) 13,589 | 14440 | 19,660 | 22,830 | 28,011 43.0%‘ 38.4%| 40.7%

Winchester (City)

| 14,643 | 20,210 | 21,047 | 23585 | 26,203 | 29,330 | 32,485 | 36571 |

Region (Total)

| 106,372| 132,435| 159,239| 135,282| 222,152| 264,115| 305,311| 366,039|

Notes:

*Projected using US Census 1210 and Virginia Employment Commission (2020, 2030) for extrapolated straightline projection from 2000 to 2030

2040 population estimated using % change 2000 to 2030

Population estimates for Mt Jason, New Market, Strasburg and Woodstock include an additional 20% projected future growth rate increase

Front Royal (1) Assumes 20% of the County population resides within the town

Front Royal (2) assumes trend of average % of county populedi@®2010
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Improvements to existing water supply sources will increase the water yield available for many localities.

ALTERNATIVES ANALYSIS
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In the table below, the limiting capacity for sources is noted, with likely yields availabbteasan

Virginia Department of Health engineering design sheets.

Capacity
Locality Source MGD Notes
Clarke County Prospsect Hill Intake 0.18
Private CWS Groundwater 0.0728
Berryville Town Shenandoah River intake 0.864
Boyce Town CCSAirfcl above)
Frederick County | Quarries 6
FCSA 3 Groundwater wells 1.993| combined permitted (not used)
Winchester purchase 2
Private CWS Combined Groundwater 0.749
Middletown Town | Purchase from Winchester 0.238| currently averging 0.11 8D
Purchase from Fred Co Sanitation
Stephens City Tow1 Authority
Page County Private CWS Groundwater 0.101
Luray Town Yager Spring 8.0+ | currently not developed.
Shenandoah Town | wells combined 0.601
Stanley Town Wells combined 0.806
Shenaloah County| sanitary District CWS wells 0.393
Private CWS 0.129 | Max design Capacity = 0.609
George's Chicken Private CWS 14.98
Edinburg Town Wells combined 0.24 | Max design = 0.432
Mount Jackson Plus 2 additional wellsot in
Town Wells combined 0.699 | system but permitted
New Market Town | wells combined 2.92 | some well yields unknown
Strasburg Town Intake, Shenandoah River 1 | New intake permitted 3MGD
Toms Brook Town | Purchase from Sanitary District wells 0.298
Woodstock Town | intake ShenandoaRiver 2.02
Warren County Private CWS combined Groundwater 0.387 | Max 0.4104 MGD
(Additional Spring purchased, no
Front Royal Town | Intakes combined on South Fork 3 | on-ine)
Winchester City Shenandoah River Intake North Fork 14

2 Springg-aye

not tied into systemlocated 34
miles north of @y

To meet longerm water supply demands, decisionakers can consider the following options, or



117

combinations of these options, to supplement existing water resources: water conservastenr,

reuse, groundwater recharge, and desalinatidMater conservation is an effective method where

saved water can compensate for additional demaAdyallon of water that is conserved by one user
SaaSydaartte WONSBI (S aQerlEndiling wageycondeFvatignbt jus ifing 2 NJ | y 2 ( K
drought but alsaluring normal years requires public education progratdswever, conservation by

itself is unlikely to meet increased water demand.

Water reuse is another option. Currently, reclaimed wasereused in industry and agriculture in

the U.S. and other countries. Similar to water conservation, each gallon of reused water substitutes for a
gallon of water that from natural sources. An example of a successful water reuse strategy is the

Occoaman reservoir system in northern Virginia. The Upper Occoquan Sewage Authority (UOSA) Water
wSOf I YFdA2Y CrOAftAGE A& 2yS 2F (KS yLGA2yQa tFNBS
reclaimed water to supplement a public surface wateppy. Implementation of reuse strategies in

other localities involves revisions faublic perception and public policy.

Preservation and restoration of groundwater aquifers is another water conservation option.
Elements of longerm water supp} planning should include protecting aquifer recharge zones, and
increasing subsurface infiltration and groundwater recharge by implementingnpact development
techniques such as forestation and bioretention in urban and suburban areas. Undergtotagksof
excess water in hampty aquifers during wet periods and artificial recharge of highly treated
wastewater are options to be studied for their potential to meet future water demand.

There are several measures, or a combination of measthrasyirginia can implement to meet

future water demand. However, some of the conventional methods to meet future water demands may
not be considered practical or economical any longer. For example, building dams and reservoirs, one of
the popular water orage and supply measures, may not be viable solutions because of the high cost of
acquiring land, and meeting environmental and regulatory requirements. During past decades,
interwatershed water transfer has supplied water to some regions of the dtideiever, longerm

economic, environmental, regulatory, and societal implications of future water transfer projects remains
uncertain. Some localities are working on alternative options to meet future water needs should such

an event arise. Specificallye Town of Edinburg has considered four alternative water supplies in the
event that would be needed to meet future water demandse four alternatives are listed below:

1. The current Well #1 is located over an underground aquifer pooled as in an uogeitdake. The
Town has discussed enlargitg well at this site to allow for more water withdrawal, since the water
treatment plant is also on site and could treat more water if it was available.

2. The Town has discussed going back to using our miousgieings as part of the Town Source
wellhead protection planThe Town still owns 14 acres of land with the springs within the National



118

Forest. The water lines are still in place connecting to an old Town reseffqiursued, this alternative
would require infrastructure improvements to the pipes. The plan would be to use an existing 500,000
gallon concrete reservoir as a raw water tank and place a small treatment plant on the site for finished
water. The Town currently has a 100,0@dllon storageank at the site and could construct additional
storage there for finished waterThis would be sent to Town in the existing water line that crosses the
River from the reservoir property.

3. A third alternative water supply the Town has considered isatation of a large spring less than a

lj dzt NIISNJ YA S FTNBY 9RAY 0 dzNHt G astiriatziNalS500d006 galiors ddag NB I (Y
FYyR A& y2G RANBOGE & | aaz2 OMduipStiomcbuldoe dbristBictad atdhis Q& Odz
springand a raw water line installed to convey the water to the current water treatment plant.

o

no ! F2dzNI K FfGSNY I GABS AyOfdRRSa (KS LRaaroAfAde
water supply.A recent line construction has moved Woaddlgh| Qa &deadSy Oft2a8SN) (2 9R
sized to allow for future extension south, toward Edinburg.
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Appendices

Threatened and Endangere8peciesn the
Northern Shenandoah Valley Planning Region Aquétabitats
VaFWIS Search Repd@bmpiled on 1/62010, 2:45:00 PM
Database Search in (840) Winchester City [County], VA

73 Known or Likely Species ordered by Status Concern for Conservation
(displaying first 29) (29 species with Stdtoes Tier 1*)

BOVA Cod |Statug® | Tier* Common Name Scientific Name Confirmed Database(s)
030062 ST | Turtle, wood Glyptemys insculpta BOVA,HU6
040096 ST | Falcon, peregrine Falco peregrinus Yes CBC

040129 ST | Sandpiper, upland Bartramia longicauda BOVA

040293 ST | Shrike, loggerhead Lanius ludovicianus Yes BOVA,HUG6,CBC
100155 FSST |1 Skipper, Appalkzhian grizzled 'Pyrgus wyandot BOVA,HU6
040093 FSST |l Eagle, bald Haliaeetus leucocephalus |Yes BOVA,HU6,CBC
040292 ST Shrike, migrant loggerhead ' Lanius ludovicianus migrans BOVA

100248 FS | Fritillary, regal Speyeria idalia idalia BOVA,HU6
100256 FS 1l Crescent, tawny Phyciodes batesii batesii BOVA,HU6
040372 SS | Crossbill, red Loxia curvirostra Yes CBC

040306 SS | Warbler, goldervinged Vermivora chrysoptera BOVA,HU6
040213 SS 1l Owl, northern sawwvhet Aegolius acadicus Yes HU6,CBC
040266 SS 1l Wren, winter Troglodytes troglodytes Yes BOVA,CBC
040094 SS 11l Harrier, northern Circus cyaneus Yes BOVA,HU6,CBC
040204 SS 1l Owl, barn Tyto alba pratincola Yes BOVA,HU6,CBC
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040270 SS 1l Wren, sedge Cistothorus platensis HU6
030012 cC \Y Rattlesnake, timber Crotalus horridus HU6
040264 SS v Creeper, brown Certhia americana Yes BOVA,HU6,BBA,C
040364 SS Dickcissel Spiza americana BOVA
040366 SS Finch, purple Carpodacus purpureus Yes BOVA,CBC
040285 SS Kinglet, goldercrowned Regulus satrapa Yes BOVA,CBC
040112 SS Moorhen, common Gallinula chloropus cachinna BOVA
040262 SS Nuthatch, redbreasted Sitta canadensis Yes BOVA,CBC
040210 SS Owl, longeared Asio otus Yes CBC
040278 SS Thrush, hermit Catharus guttatus Yes BOVA,CBC
040314 SS Warbler, magnolia Dendroica magnolia BOVA
050045 SS Otter, northern river Lontra canadensis lataxina BOVA
040225 | Sapsucker, yellowellied Sphyrapicus varius Yes BOVA,CBC
040319 | Warbler, blackhroated green Dendroica virens BOVA
VaFWIS Search Rep&@bmpiled on 1/6/2010, 2:51:11 PM
Database Search in (069) Frederick [County], VA
91 Known or Likely Species ordered by Status Concern for Conservation
(displaying first 38) (38 species with Stdtas Tier 1*)

BOVA ) L X

EE Statug | Tier* Common Name Scientific Name Confirmed Database(s)
050023 FESE || Bat, Indiana Myotis sodalis HU6
070001 FTST I Isopod, Madison Cav¢ Antrolana lira HU6
040267 |SE | Wren, Bewick's Thryomanes bewickii Yes BOVA,BBS
060006 SE 1l Floater, brook Alasmidonta varicosa HU6
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Fontigens bottimeri
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Bartramia longicauda
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HUB6,Collections
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HUG6
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To viewAll 91 specie¥iew91
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Carpodacus purpureus
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Gallinula chloropus
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Sitta canadensis
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HU6

BOVA,HU6,BBA,CBC,Collections

BOVA,BBA

BOVA,CBC

BOVA,CBC

BOVA

BOVA,CBC

CBC

BOVA,CBC

BOVA

BOVA

BOVA,CBC

BOVA

* FE=Federal EndangeredfFT=Federal Threatened;SE=State EndangeredST=State Threatened;FP=Federal Proposed;
FC=Federal Candidate;FS=Federal Species of ConcerrsC=State Candidate;CC=Collection Concern; SS=State

SpecialConcern

** |=VA Wildlife Action Plan - Tier | - Critical Conservation Need;II=VA Wildlife Action Plan - Tier Il - Very High
Conservation Need; llI=VA Wildlife Action Plan - Tier lll - High Conservation Need;IV=VA Wildlife Action Plan - Tier IV
- Moderate Conservation Need

View Map of All Query Results from All Observation Tables

Anadromous Fish Use Streams

N/A

Impediments to Fish Passage
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(22 records displaying first 20 )

View Map of All
Fish Impediments

ID Name

108€ BUTLERAM

108¢ |CHEROKHIAM

109€ COVBDAM#2

109C |COVEAKEDAM#1

1142 FRESHWATER®ND

109& HIGHVIEWMANORDAM

109¢ IZAAKWALTONPARKPOND

1097 |LAKEEREDRIOBAM

1104 LAKHSAACHAM

1102 LAKESIDEAKE

1091 LEHMAN®AM

1094 MEADOWLAKEBAM

1093 |PLEASANVALLEYAKEDAM

110C |SEVENISTABDAM

1092 | SHEPPARAKEDAM

1087 |SILVERAKEDAM

108€ |ST.CLAIRDAM

1145 |STEPHENSARKDAM

109€ SUMMITDAM

1144 |TAILINGBOND

River View Magp
BABBS RUN Yes
KECKLEY RUN Yes
TRLAUREL RUN Yes
TRLAUREL RUN Yes
MINES SPRING RU |Yes
HOGUE RUN Yes
TROPEQUON CREIl Yes
CROOKED RUN Yes
ISAAC CREEK Yes
TROPEQUON CREIl Yes
GOUGH RUN Yes
HUGUE CREEK Yes
TRFURNACE BRAN |Yes
TRCEDAR CREEK |Yes
TROPEQUON CREI|Yes

PARRISH RUN Y

(2]

BABBS RUN Yes
TRCROOKED RUN |Yes
ISAACS CREEK  |Yes

MINES SPRING RU |Yes

To viewAll 22 Fish Impediment recordgiew 22
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Colonial Water Bird Survey

N/A
Threatened and Endangered Waters
(35 Reachesdisplaying first 20 )

View Map of All
Threatened and Endangered Waters

N -
Stream Name Highest

TE

Buffalo Marsh Run (02070006) FSSE

Buffalo Marsh Run (02070006) FSSE

Unnamed trib. of Hogue Creek

(02070004) FSSE
Albin Run (02070004) ST
Babbs Run (02070004) ST
Back Creek (02070004) ST
Bear Run (02070004) ST
Brush Creek (02070004) ST
Cedar Creek (02070006) ST
Crockett Run (02070004) ST

T&E Waters Species

BOVA Code, StatusTier , Common& ScientificName

030062

060201

060201

060201

030062
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030062
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030062

030062

ST

FSSE

FSSE

FSSE

ST

ST

ST

ST

ST

ST

ST

Turtle, wood
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Glyptemys
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Glyptemys insculptz
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To viewAll 35 Threatened and Endangered WadenecordsView 35

VaFWIS Search Repd&@bmpiled on 1/6/2010, 2556 PM

Database Search in (043) Clarke [County], VA

86 Known or Likely Species ordered by Status Concern for Conservation
(displaying first 33) (33 species with Stdtoes Tier 1*)

%j’: Statug: |Tier
070001 FTST |l
060006 SE I
030062 ST

Isopod, Madison Cave

Floater, brook

Turtle, wood

Common Name

Scientific Name

Antrolana lira

Alasmidonta varicosa
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